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SUMMARY 
The present invest igat ion deals with the s tudies on 
leaf blotch disease of CpjStus speciosus (Keen.) an# caused 
by Phytophthora nicotianae var . nicot ianae A2» These includes 
morpholoylcal, nu t r i t i ona l and physiological s tudies of the 
pathogen; biochemical changes in host-pathogen in te rac t ions 
and in_ v i t ro screening of d i f fe ren t fungicides against 
pathogen* 
The i n i t i a l symptoms of leaf blotch disease appeared 
as water soaked spots on the leaf surface. These spots 
enlarged and coalesced with the advancement of disease 
forming typical blotch symptoms. 
£• nicot ianae var. n icot ianae A2 was i so l a t ed oonsis-
t an t ly from the infected t i s sues and i t s pathogenicity was 
es tab l i shed . Normally, the older leaves of the p lan t s were 
most suscept ible to in fec t ion . The pathogen was found to 
have a wide host range besides C. speciosus. 
The ae r i a l mycelium of the fungus was fluffy, white, 
non-septate and with no s t r i a t i o n or zones on potato-dextrose 
agar medium. 
The fungus produces in te rca lary and terminal chalamy-
dospores, cylendrical to obpyriform sporangia with p a p i l l a . 
caducous sporangia were having i r r egu la r length of ped ice l s . 
Sporangial walls were smooth or l i g h t granular . However, 
s t r i a t i o n on surface of few sporangia were seen in electron 
microscopic s tudies and i t i s supposed to be a new feature 
of th i s pathogen. Oilamydospores having rough surface were 
observed under high magnification. 
Among the various natural and synthe t ic media employed 
for the growth of the pathogen, a l l natural media supported 
bes t growth. P-1 broth being the bes t medium among the a l l 
synthet ic media t e s ted . 
The pathogen could grow on a wide r'ange of pH, but 
the growth was b e t t e r an weakly ac id i c than a lka l ine medium. 
The optimum growth was obtained a t 6.4 pH, a f t e r 12 days of 
Incubation period. 
A group of carbohydrates and organic acids were t e s t ed 
singly as carbon sources for the growth of fungus, p . n i c o t l * 
anae var . nlcot ianae A2« Starch and CM-cellulose proved to be 
the bes t carbon sources. No organic acid t es ted was u t i l i z e d 
by the fungus. 
A number of inorganic nitrogen and few organic 
substances were t es ted as nitrogen sources for the growth of 
the fungus. sodium n i t r a t e was found to be best inorganic 
nitrogen source and asparagine as organic source. As a 
r e s u l t of t h i s study a synthet ic medium containing soluble 
starch and sodium n i t r a t e as the carbon and nitrogen sources, 
respec t ive ly , was devised for the s tudies with p . nicotjanae 
var . nicotjanae A2« 
The cul ture f i l t r a t e of the pathogen was found to be 
toxic producing necro t i c spots on C« speciosus leaves and 
wil t ing of Datura innoyia seedl ings . 
The production of toxic metabol i te /s by the pathogen 
was found to be high in the modified Richard's and Clark 's 
synthet ic media, 
Richard's modified medium was used for studying the 
ef fec t of n u t r i t i o n and factors oi the production of toxic 
metabol i te /s by the pathogen. 
pH 5«6 to 6«4 was found to be the optimum range for 
the production of toxic metabol i te /s and maximum a c t i v i t y 
was recorded in 15 days old cul ture f i l t r a t e . The pathogen 
fa i led to produce any toxin a c t i v i t y a t a lka l ine pH« 
The n u t r i t i o n a l requirements of the fungus in r e l a t ion 
to toxin production were inves t iga ted . These were found to 
be different from those necessary for mycelial growth, sucrose 
and glucose were found to be the bes t carbon sources and 
asparagine as the best nitrogen source for toxin production 
in cul ture f i l t r a t e . 
Tl^ production of e x t r a c e l l u l a r peccolyt ic and 
c e l l u l o l y t i c enzymes by P* nlcot ianae var. nicot ianae A2 
•was invest igated. The major enzymes detected were j endo 
and exo type of polygalacturonase (PG) and endo-po.'lymethyl 
galc^cturonase (PM3). However, the organism was a lso able to 
secrete polymethyl es te rase (PME) and cel lulaso enzymes, but 
the enzyme ac t iv i ty was very poor. The production of enzymes 
was adaptive in na ture , since none of the above enzymes were 
detected in cul ture medium containing sucrose as sole carbon 
source. The production of these enzymes could be broadly 
r e l a t ed to the incubation period and subst ra te of the media^ 
The production of i n t r a c e l l u l a r and ex t r ace l l u l a r 
amylase and invertase enzymes was observed. Ihe a c t i v i t y 
of both enzymes was higher in mycelium as compared to 
cul ture f i l t r a t e and varied with incubation period. 
The inves t iga t ions on in teract ion between P. n ico-
t ianae var. nlcot ianae A2 and C. speciosus revealed several 
metabolic changes a t d i f ferent stages of disease development 
in leaves . C3:^lorophyll a and CJilorophyll b contents 
decreased s ign i f i can t ly with the progress of infec t ion . 
Analysis of carbohydrate f ract ions from healthy and 
infec ted leaves revealed t h a t the amount of t o t a l sugars and 
reducing sugars increased, while non reducing sugars decreased 
with the progress of d isease . 
Quanti tat ive changes in different phenolic contents 
in infected leaves vviere not iced. The concentration of t o t a l 
phenols, free phenols, glycosidic cind bound phenols increased 
up to 8 days while ortho-dihydroxy phenols reached maximum 
4 days a f te r inoculat ion. However, the concentration of 
phenolics in infected leaves was higher a t a l l s tages of 
disease development when compared to healthy leaves . Acidic 
and. bas ic phenols showed no change due to infec t ion . 
Polyphenol oxidase (PPO> and peroxidase (po) 
enzymes were not iced to be differing in t h e i r a c t i v i t i e s 
in infected l eaves . I^ he po ac t iv i ty was more pronounced 
than PPO in healthy and infected leaves . The a c t i v i t y of 
PPO enzymes were found increasing slowly with the infection 
up to 8 days and decreased thereaf te r , whereas a two fold 
increase in PO a c t i v i t y was noticed in thu infected leaves 
in comparison with healthy leaves . 
The changes in concentration of soluble prote ins in 
healthy and infected leaves of C. speciosus have been inves t i -
gated. The concentration of soluble leaf pro te ins was 
increased with the advancement of infec t ion . The qua l i t a t i ve 
analysis revealed the appearance of one new protein band 
having Rf value o»89 on e lec t rophore t ic gels from 4 days 
a f t e r inoculation sample. 
Ihe quan t i t a t ive analys is of nucleic acids in healthy 
and inf«^cted leaves revealfcd that concentration o£ RNA in-
creased with progress of infection while ONA contents showed 
no change due to infec t ion . 
A number of systemic and non-systemic fungicides were 
tes ted in_ v i t ro for the growth inhib i t ion of P. nicotianae 
var. nicot ianae A2« Ridomil (metalaxyl) was found to have 
the most fungicidal effect on the growth of fungus. Difolatan, 
Dithane z-78 and Dithane M-45 gave good inhibi tory effects 
whereas Bavistin and Benlate showed poor i nh ib i t i on . 
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INTRO DUC TtON 
C o s t u s s p e c l o s u s (Koen.) Sm. i s an e r e c t ^ p f t ronn la l 
s t o u t h e r b whicii a t t a i n s a h e i g h t o f 120 t o 170 cm. The p l a n t 
b e l o n g s t o t h e f ami ly Z i n g i b e r a c e a e s u b - f e m i l y C o s t a c e a e . The 
h a r d c a n e l i k e s tem b e a r s t h i c k ^ f l e s h y l e a v e s and t e r m i n a l 
i n f l o r e s c e n c e . The unde rg round s tem c o n s i s t s o f h o r i z o n t a l l y 
b r a n c h e d t u b e r o u s rh izome up to 5 cm t h i c k vjhen f r e s h . T h i s 
g e n u s has a p p r o x i m a t e l y 175 s p e c i e s o u t of which C* s p e c i o s u s 
h a s been so f a r r e p o r t e d t o c o n t a i n d i o s g e n i n , a s t e r o i d a l 
s a p o g e n i n , s t a r t i n g m a t e r i a l fo r s y n t h e s i s o f s t e r o i d a l d r u g s 
I n c l u d i n g c o r t i c o s t e r o i d s , s ex ha rmones , o r a l c o n t r a c e p t i v e s 
and a n a b o l i c a g e n t s used f o r t h e t r e a t m e n t o f v a r i o u s d i s o r d e r ' s 
i n mens and a n i m a l s t h r o u g h o u t t h e world* The p l a n t i s w i d e l y 
d i s t r i b u t e d i n I n d i a , I n d o n e s i a , Burma, T h a i l a n d , P h i l l i p i n e , 
Malaya, S r i Lanka and A f r i c a . I t grows w i l d t h r o u g h o u t I n d i a 
up t o an a l t i t u d e o f 1200 m» I t i s more commonly found in 
sub-Himalayan t r a c t e x t e n d i n g be tween Kangra d i s t r i c t o f 
Himachal P r a d e s h t o JVrunachal P r a d e s h , K h a s i , j a i n t i a , Garo 
h i l l s i n Meghalaya , Vindhya and s a t p u r a i n c e n t r a l I nd i a^ 
uppe r c a t c h m e n t o f r i v e r Gbdavar i and w e s t e r n g h a t s in 
M a h a r a s h t r a , K a r n a t k a and K e r a l a . The p l a n t i s known a s 
Kemuka i n S a n s k r i t ; Keu and Kushta i n H i n d i and B a ng l a ; 
Pushkarmula in M a r a t h i and C h e n g a l v a k o s h t u in Te legu and 
Kannada l a n g u a g e s . 
Rhizomes of C. speciosus have been found to contain 
appreciable amount of diosgenin. Dasgupta -ind Pandey (1970) 
f i r s t reported 2.12% of diosgenin out of 3.88"/ of the t o t a l 
sapogenins of Costus rhizome, Tliey have fur ther reported 
diosgenin and tigogenin are present in free form in addition 
tc five sapogenins of which only yB-sitosterol and diosgenin, 
could be i so la ted . Sarin et. al_. (1974) reported diosgenin 
as the main component. They have i so la ted 2.0% crude 
diosgenin from the t o t a l sapogenin present in the rhizomes 
of C. speciosus* Several other workers have also reported 
diosgenin from C. speciosus rhizomes (Datta, 1976; Singh, 
e t a l . . 1980). 
Diosgenin ci^ntent of C. speciosus var ies according 
to i t s hab i t a t . P lants growing in Himalayan t r a c t have been 
found to contain more diosgenin as compared to those f^ u^nd 
in p l a i n s . The diosgenin content in deflowered and flowering 
p lan t s was found to be 0.402 and 0.27%, respect ive ly (s^rln 
fe-fe a l . . 1976). Cult ivat ion of t h i s crr.p has been taken up 
for the f i r s t time in India by CIMXP cm experimental and semi-
commercial scale a t Lucknuw Hdqr. and i t s regional cent res , 
Haldwani and Jammu. Efforts are being made a t CTMAP to 
develop C- speciosus as commercial crop in North Indian 
p l a i n s . 
C* speciosus crop has been observed tc be infected 
with several fungi causing leaf b l i gh t , le;=>^  spot^ le=if b lo tch , 
rhizome-rot and damping-off. (Gupta e t a l . , 1978; Sattar 
e t a l« . 1979a; Thakur et, ad . , 1976, 1978 and 1980; Kh'-^ 'n et^ a l . . 
1983; Shvikla *£t a_l., 1982 and S^ttar et. al_., 1979b). Most of 
these diseases were observed in the commfcircial plantat ion a t 
CIMXP Lucknow and i t s regional centres , Haldwani and Jammu 
during the months of July to October. These diseases were 
found to cause heavy losses in comitiercial p lan ta t ions affecting 
ser ious reduction in diosgenin production, thus observed to 
be one of the l imi t ing factors in cu l t iva t ion of t h i s crop-
Inves t iga t ions on t h i s plant especia l ly on the 
phytopathological aspect in India or abroad appear to be 
scanty. Considering the economic importance of the crop, 
s tudies on the impact of diseases on the crop production wi l l 
be one of the important factors involving a package of 
p rac t ices for the commercial cu l t iva t ion . The present wr^ rk 
i s a deta i led invest igat ion on a leaf blotch disease of 
C« spi:JCiosus caused by Phytophthqra niootianae y^r. n i c t i a n a e 
X2* The genus Phytc)phthora de Bary was recognized in nineteenth 
century as the most serious and des t ruc t ive disease r^ f potato , 
in Ireland, The pathogen was responsible for a devastating 
disease l a t e r known to the phytopathologic-'l l i t e r a t u r e as 
l a t e b l ight of potato and the cause of the notorious I r i sh 
p o t a t o / f a ^ in which i t i s cc nsidered to be a land mark 
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contribution of plant pathology. Numerous repc^rts are 
avai lable on '•Jifforc^nt speci'wS of Phytophthor^ but no 
de ta i led study on P. n lcc t ianae var. n icot ianae X^  i s known. 
The cbjectivfa; c f the present invest igat ion i s a de ta i led 
stuoy on the et iology of the disease, morphology and 
physiology of the pathogen, hust-pathc gen in terac t ion and 
disease con t ro l . Ihfection of plants by fungal pathogen i s 
acc(;mpanied by a major changes in the mtitabolism of the host^ 
hence different metabolic changes in C. speciosus leaves 
infected with P. n icct ianae var . n icot ianae ^2 have also 
been invest igated. 
REVIEW 
Fungus i n f e c t i o n c a u s e s a v a r i e t y o€ s/mptoms in 
p l a n t s r a n g i n g from s i m p l e l e a f s n o t to s h o o t and r o o t - r o t s 
r e s u l t i n c , i n t o w i l t i n g , d e a t h and decay o f the, i n f e c t e d ' 
p l a n t s . The phenomenon of symptom p r o d u c t i o n consequen, t 
upon fiangus i n f e c t i o n i n v o l v e s major a l t e r a t i o n s of h o s t 
m e t a b o l i s m where t h e pa thogen i n t e r f e r e s in alm.ost a l l t h e 
a r e a s o f h o s t m e t a b o l i s m fo r i t s growth and development•-
The folioVJing r e v i e w d e a l s w i t h t h e e a . r l i e r work done on 
t h e s e a s p e c t s in d i f f e r e n t h o s t - f u n g u s i n t e r a c t i o n s . The 
main emphas i s i s g iven t o t h e g e n u s P h y t o p h t h o r a and i t s 
i n t e r a c t i o n s i n d i f f e r e n t c r o p p l a n t s . 
X number o f h o s t ' p l a n t s h a v e been r e c o r d e d from 
d i f f e r e n t p a r t s o f t h e wor ld which a r e a f f e c t e d by t h e 
f u n g u s , P h y t o p h t h o r a n i c o t i a n a e . o u t o f tlrie most i m p o r t a n t 
d i s e a s e c a u s e d by P . p a r a s i t i c a v a r . n i c o t i a n a e i s b l a c k - ^ 
shank o f t o b a c c o which was f i r s t r e p o r t e d i n E a s t e r n 
Tennese (Heges t ad and C l a y t o n , 1 9 5 0 ) , N o r t h C a r o l i n a 
(N^'sbaum, 1951) and in X u s t r a l i a ( O ' B r i e n , i g ? ^ ) . 
Shephered and P r a t t (1973) i s o l a t e d P_. n i c o t i a n a e 
v a r . n i c o t i a n a e from t h e t o b a c c o f i e l d in N o r t h Q u e e n s l a n d . 
They found t h a t t h e i s o l a t e was n o n - p a t h o g e n i c t o N i c o t i a n a 
l o n g i f l o r a and N. p l u m b a g i n i f o l i a b u t s t r o n g l y p a t h o g e n i c 
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to N. rus t i ca and tobacco* 
Thankamma and P i l l a i (1973) observed tha t cardamom 
crop in India was severely infected with f ru i t and leaf not 
diseases caused by p . nicot ianae var. nicotianae^ while 
Tiwari (1973) i so la ted same fungus from root and l ea f - ro t 
of betel vine in India. 
Ihankamma (1974) observed P» nicot ianae var . 
n icot ianae infection in cashew planta t ion in South India 
causing shoot-rot and lea f fa l l d iseases . p» pa r a s i t i c a 
var . nicot ianae causes petunia leaf b l igh t (Knauss, 1975)• 
Munnecke and Bricker (1976) reported that p . n icot ianae 
var . nicot ianae caused a severe roo t - ro t disease of Pin us 
r ad ia t a D. Don., in South Cal i forn ia . Symptoms and morpho-
logy were described by them. Keim (19 77) observed that 
Vinca rosea Linn* p lan t s were highly suscept ible to the 
fol iage b l igh t disease caused by p . n icot ianae var . 
p a r a s i t i c a . 
Sharma et^  al_. (1977) reported tha t tomatoes were 
severely damaged by p* nicot ianae var. n icot ianae causing 
buck-eye rot d isease . The loss was estimated from 25 per -
cent to 45 percent . skadow (1978) observed the damping-off 
of tomato seedlings growing in glasshouse caused by p . 
n icot ianae var . n ico t ianae . Lio and Davino (1977) reported 
tha t c i t r u s p lan ta t ions in I t a ly were highly suscept ib le 
to P« nicot ianae var. nlcotj.ar;iae causing root and c o l l a r -
r o t d iseases . K severe root and crovn-roi: of African 
v io l e t and Gloxinia was caused by P_. n icot ianae var. 
n icot ianae (Busch and Smith, 1978). 
Rattink (1979) i so la ted p . n icot ianae var. nico-
t ianae from rot ten stem base and discoloured xylem vessels 
of carnation p lan t s causing wil t d isease , verhoeff (1979) 
recorded same pathogen causing foot-rot diser-se o£ tomato. 
The pathogen remained vi rulent in so i l more than twenty two 
months and indicated that use of dithiocarbamate could 
cont ro l the disease appreciably. 
Zentmyer e t al_. (1979) observed tha t Pi nicot ianae 
B. de Haan var . nicot ianae Waterhouse, caused crown-rot, 
basal stem canker and root - ro t diseases of Fremontia c a l i -
fomica . Suzui e t al_. (1979) in t h e i r survey found that 
P. n icot ianae var. nicot ianae caused roo t - ro t of mandarin 
orange, roo t - ro t and hea r t - ro t of pineapple, leaf b l ight 
of Hevea rubber and black-rot of Vanda and ^scocenda. Clark 
and Junn (1979) observed P. nicot ianae var. n icot ianae causing 
stem lesion in tomato p lan ts in Hampshire. 
Rattink (1981) found several i s o l a t e s of P. 
n icot ianae B. de Haan var. n icot ianae ^2 ^^d A, causing 
foot and roo t - ro t of peperomia, sa in tpaul ia and carnation 
growing in greenhouse. He has observed tha t a l l the i so l a t e s 
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a p p e a r e d to be same in t h e i r m o r p h o l o g i c a l c h ^ ' r a c t e r s b u t 
d i f f e r e d p h y s i o l o g i c a l l y when grown in c u l t u r e media . Leaf 
b l i g h t d i s e a s e c f D a t u r a i n n o x i a was c a u s e d by p» n i c o t i a n a e 
var» n i o D t i a n a e ( S a t t a r et_ al_. , 1 9 8 2 ) . 
MORPHOIOGY XND BIOLOGY 
Slnce^ t h e P h y t o p h t h o r a s p p . shr.w a h igh d e g r e e o f 
v a r i a b l e c h a r a c t e r s among i t s i s o l a t e s (Caten and J i n k s , 
1968) and w i t h i n s p e c i e s o f t h e same genus (Tucke r , 1 9 3 1 ; 
W a t e r h o u s e , 1 9 6 3 ) ; s e v e r a l worke r s have made comprehens ive 
s t u d y on t h e morphology and b i o l o g y o f t h e d i f f e r e n t s p e c i e s 
o f t h e genus* The f o l l o w i n g r e v i e w i s r e s t r i c t e d t o 
d i f f e r e n t s u b - s p e c i e s and i s o l a t e s o f p . n i c o t i a n a e . 
HD (1979a) s t u d i e d t h e n a t u r e of amphigyny i n 
genus p h y t o p h t h o r a and found t h a t o u t e r a n t h e r i d i a l wa l l 
a t t h e p r o x i m a l end was c o n t i n u o u s w i t h t h e i n n e r a n t h e r i -
d i a l wa l l* He was u n a b l e t o r e a s o n t h a t t h i s p r o c e s s can 
be a c c o m p l i s h e d w i t h r u p t u r i n g t h e a n t h e r i d i a l w a l l l e a v i n g 
a c o n s p i c u o u s c o l l a r , b e h i n d . P r e s u m a b l y , t h e p r o x i m a l end 
o f t h e a n t h e r i d i u m was n o t p i e r c e d b u t pushed by o o g o n i a l 
i n i t i a l t o become t h e i n n e r a n t h e r i d i a l w a l l which e v e n t u a l l y 
r e a c h e d and fu sed wi th t h e o u t e r a n t h e r i d i a l x^all a t t h e 
d i s t a l e n d . Ho (1979b) a g a i n s t u d i e d t h e s u r f a c e morphology 
o f t h e o o g o n i a wa l l o f v a r i o u s s p e c i e s o f P h y t o p h t h o r a 
u s i n g s c a n n i n g e l e c t r o n m i c r o s c o p e . The oogon ia o f 
p . cactor::um. P» c i t r i c o l a ^ P . heveae and P. palmlvora 
was smooth bu t t he oogonia of P>. megasperroa and P» 
p a r a s i t i c a were f ine ly g r a n u l a r and coa r se ly g r a n u l a r , 
r e s p e c t i v e l y . 
Zentmyer et, al» (1979) i s o l a t e d p . n i c o t i a n a e 
v a r . n i c o t i a n a e ^2 £^om Fremontia c a l i f o m i c a and s t u d i e d 
t h e morphology of t h e pathogen, patchy growth was s l i g h t -
l y f luffy a e r i a l mycelium was observed on com meal agar 
and po ta to dex t rose agar with no d i s t i n c t p a t t e r n . Chlamy 
dospores were fewer in number with th in wal l s and s i z e of 
35 Mn in d iameter . The sporangia were v a r i a b l e in shape^ 
b road ly ovoid to obpyriform, rounded a t t h e base with 
conspicuous p ro t rud ing a t t h e apex, of ten b i p a p i l l a t e , 
sometimes with a t t a c h e d p e d i c e l s . Normally sporangia 
were borne s ing ly on a sporangiophore , r a r e l y in c l u s t e r s . 
Sporangia measurements a f t e r two weeks were 20-47 X 
20-39 Mn. Oogonia and a n t h e r i d i a were formed abundant ly 
when t h e i s o l a t e was c rossed with p . n i c o t i a n a e ?^«. 
NUTRITION 
Species of Phytophthora show cons ide rab l e v a r i a -
t i o n in t h e i r n u t r i t i o n a l r e q u i r e m e n t s . M:,ist of the 
s p e c i e s grow on weakly a c i d i c and b a s i c pH l e v e l s . 
Mehrotra (1951) made a compreh3nsive ctudy on 
the u t i l i z a t i o n o£ various carbon compounds by Phytoph-
thora sppo He tes ted the effect o i different carbohydrates, 
a lcohols , glucoside and amygdalins, on the growth of P. 
cactocur' (Leb» &Cohne) schroeto; P. c i t r i c o l a swada; 
p . £agi Hart . ; P. meadii Hz Rae; ?« P*^ i?,?}i'?® Cooper & 
Por te r ; P. pa ras i t i ca Dast. ; P« pa r a s i t i c a Dast» var<. 
p iper ina Dast..; p . p in i leon«; and P« r ichard iae Buisman* 
He found that maltose, sucrose, dextrose and soluble starch 
were the best carbohydrates u t i l i z e d by these fungio 
Lactose, inu l in , g lycer ine , and so rb i t e proved to be fa i r ly 
goed sources, while arabinose, rhamnose, xylose, galactose , 
leavulose , mannose, raff inose, dextr in , e r y t h r i t e , mannite, 
d u l i c i t e and amygdalin were the poor carbon sources. In 
a l l the case growth of the fungus was accompanied with 
ac id i f i ca t ion of the medium. 
Wills (1954) invest igated che u t i l i z a t i o n of 
carbon and nitrogen compounds by p^ pa ras i t i ca Dast*- var, 
n ico t i anae . Dextrin and s tarch proved to be the best 
carbon sources followed by sucrose, maltose and cellobiose* 
:^rabinose, l ac tose , raf f inose , organic acids and alcohols 
except glycerol were not u t i l i z e d , toong the nitrogen 
sources, h i s t i d i n e , o rn i th ine , and threonine were 
super ior followed by glutamic acid, arginine, pro l ine 
and ser ine as next best sources of ni trogen. Inorganic 
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ni t rogens supported poor growth. Cysteine, tryptophane, 
i so leucine , norleucine, phenylalanine, methionine and 
urea were not u t i l i z e d by the fungus. 
Erwin and Katznelson (1961a) inves t iga ted the 
n u t r i t i o n a l requirement of P. cryptogea pethyb. 5, l a f f . , 
roo t pathogen of a l f a l f a . The fungus grew bes t over a 
wide range of pH values (S.6 to 7.2) in a synthe t ic 
medium containing sucrose as the carbon source, besides , 
good growth was also recorded on glucose and soluble 
s t a r c h . L-asparagine was the most favourable source of 
n i t rogen . 
Cameroon (1962) observed the effect of different 
pH leve l s on the growth of Phytophthora spp. He has 
reported that optimum growth of P. cactorum Lab. & Cohn.; 
P . cinnamoi Rand.; P* ci t rophthora (sn. & 3m^) Leon; 
E* erythrosept ica pethyb.; P. i l l i c i s Budden & Young; 
p . 1 at ,eral is Tuck, s, Milb.; P. megasperma Drech. and p« 
p a r a s i t i c a Dast* was found a t pH 4*5, 5.0, 5 .5 , 5*4, 7«1, 
5 .4 , 5.0 and 4.5^ respec t ive ly . Hendrix and \pple (1963) 
s tudied the effect of fats and fat ty acid deriv??tives as 
growth stimulants and carbon source for p . pa r a s i t i c a Dast. 
var . n ico t ianae . The fungus grew best on oatmeal agar 
medium but poorly on synthet ic media. Addition of an 
e ther ext rac t of oatmeal to so l id and l i qu id glucose-peptone 
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medium increased growth 3- and 10-£old, resoectively a f t e r 
7 days. 
Chee and Newhook (1965) tes ted twenty Cr-^ rbon 
compounds as major source of carbon for p» c inn a mom i 
Rands* with calcium n i t r a t e and glutamic acid as nitrogen 
source. Dextrin, s tarch and sucrose were the best source 
of carbon for grov,?th and sexual reproduction. Maltose, 
glucose, l ac tose , fructose, xylose were moderate while 
organic acids and alcohols were poor sources of carbon* 
The best sources of organic nitrogen for growth was 
L*glutamine, L-glutamic acid and I>h i s t id ine . 
Roncadori (1965) compared the n u t r i t i o n a l requ i re -
ment of some species of phytophthora. Except p . fragariae 
Hick. , a l l i so l a t e s grew b e t t e r in an ammoniijm sulphate 
fumaric acid medium than in non-buffered ammonium sulphate 
medium, p . bpehmeriae saw.; £. cambivora (Petr i) Buis . ; 
£• <^^psici Leon«; P. cinnamomi Rands.; P. c i t r i c o l a saw.; 
E* CJ^yptogea pethyb. & Laff.; P. drechs ler i Tuck.; p . 
heveae Thomp. and P. pa r a s i t i c a Dast. var<> nicot ianae Tuck, 
showed good growth in presence of potassium n i t r a t e as 
ni t rogen source. \11 i s o l a t e s had a def in i te requirement 
for the in tac t thiamine molecules. D-glucose, D-fructose, 
D-mannose and D-xylose were the bes t carbon sources for a-ll 
i s o l a t e s , L-sorbose was poorly u t i l i z e d by a l l spec ies . 
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Hendrix (1970) comprehensively reviewed the effect 
of s t e r o l s in growth and reproduction of fungi. Most of 
the pythiaceae, consis t ing of genera pythium and Phytoph-
thora have been shown to require exugencus s t e r o l s for 
sexual and asexual reproduction. Lipids induced oospore 
and zoo sporangium production in P. pa ra s i t i ca var . 
n i co t i anae . He was of the view t h a t pythiaceous fungi 
apparently are incapable of synthesizing s t e r o l s . 
Sehgal and Prasad (1971) examined the physiological 
phenomenon of P. parr?.sitica var« sesami* The pathogen 
grew best over a wide range of pH values (4.0 to 7«5) 
but pH 6.5 was the optimum for the growth. Dextrin, s tarch 
and sucrose were the bes t carbon sc^urces followed by 
glucose, fructose, and l ac tose , l^rabinose, xylose, 
galactose , mannose, sorbose, s o r b i t o l , mannitol and 
s a l i c i n supported poor growth while fungus fa i led completely 
to u t i l i z e any of the organic acid, aitiong nitrogen sources 
asparagine was u t i l i z e d b e t t e r by the fungus over other 
n i t r a t e ni t rogen. Arginine, a lanine , leucine, h i s t i d i n e , 
gulatamic acid, glycine and lys ine supported good growth. 
Schiffmann-Nadel and Cohen (1972) examined the 
e f fec t of carbon sources upon the mycelial growth of p . 
c i t rophthora (sm. & Sn.) Leon. The fungus grew best on 
so luble starch and dextr in . Sucrose, maltose and glucose 
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suppor ted poor growth while s u b s t i t u t i o n of ga lac tose^ 
a r ab inose and xylose produced no growth. Sporangia forma-
t i o n was n o t observed in any case* 
Hohl (1975) i n v e s t i g a t e d d i f f e r e n t l e v e l s of n u t r i -
t i o n a l complexity in d i f f e r e n t Phytpphthora s p e c i e s , p . 
n i c o t i a n a e B<> de Haan and P» palmivora B u t l . grew b e s t on 
i no rgan i c n i t r o g e n p l u s l e c i t h i n while p . f r a g a r i a e Hick. 
and P. i n f e s t a n s de Bary showed good growth on o r g a n i c 
n i t r o g e n p l u s l e c i t h i n . Addition of s t e r o l enhanced more 
the growth of a l l t he i s o l a t e s in combination with l e c i t h i n 
than added s ing ly* 
TOXIN MBTXBOLITS/S 
WDlf (1933) s t u d i e d the pathology of b lack-shank 
of tobacco caused by P_# n i c o t i a n a e . He observed t h a t r a p i d 
w i l t i n g and c o l l a p s e of tobacco p l a n t s i n f e c t e d by t h e 
pathcgen was due to a toxin which could be e x t r a c t e d from 
black-shank l e s i o n s . Toxin was a l so p r e s e n t in po t a to 
b r o t h and in R i c h a r d ' s mediimi used for grcwinc the fungus. 
I t was n o n - v o l a t i l e and could be p r e c i p i t a t e d by the 
a d d i t i o n of magnesium s u l p h a t e , wolf (1953) has again 
observed t h e tox in product ion in c u l t u r e f i l t r a t e of P. 
p a r a s i t i c a v a r . n i c o t i a n a e i s o l a t e d from tobacco . The 
fungus was grown for a month o r two in p o t a t o - d e x t r o s e b r o t h 
and the c u l t u r e f i l t r a t e induced w i l t i n g of detached 
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tobacco and tomato leaves. The toxin was en t i r e ly adsorb-
able on ac t iva ted charcoal but not p rec ip i t ab le v;ith p ro -
tein p rec ip i t an t s^ The substance was dialysable and i n -
soluble in e the r . 
wolf and Wblf (1954a) examined the infected leaves 
of tobacco with p« pa ra s i t i ca va r . n icot ianae and found 
t h a t leaves contained l e s s reducing and to t a l sugars and 
l a rge r proportion of ni t rogen. They have concluded tha t 
t h i s change was due to toxin production by the fungus. 
These authors again (1954b) s tudied the toxin production 
by the same fungus, which induced ^rfilting in detached 
tomato and tobacco leaves. Fungus was grown in d i lu t e 
tobacco sap, potato-dextrose broth or starch-glutamic acid 
medium for two weeks or more. The cul ture f i l t r a t e was 
always found to induce wilt ing in 1:1, 1:5 and 1:10 
d i l u t i o n s . Toxin produced by the pathogen was moderately 
heat s t ab le non-vola t i le and dialydable . 
Ball io et_ aJ . (1972) invest igated the phy to toxin 
production in v i t ro by P. n icot ianae B. de Ha an var. 
p a r a s i t i c a (Dast.) Waterhouse in synthet ic medium contain-
ing sucrose, asparagine mineral s a l t s and vitamins. Diluted 
cu l tu re f i l t r a t e taken up by tomato cut t ings readily caused 
marginal and in terve ina l nec ro t i c spots on leaves . The 
inac t ive material was removed by 70% ethanol; supernatant 
so lu t ion re ta ined ful l ac t iv i ty a f t e r d ia lys i s and also 
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a f t e r extract ion with organic solvents.. This indicates 
t h a t hydrophi l ic , macranolecular substances were r e s -
ponsible for t ox i c i t y . They havti t r i ed to purify the 
toxin by gel oolumn chromatography and confirmed the 
presence of more than one toxin in cul ture f i l t r a t e of 
fungus, and one of them was a polysaccharide. 
Csinos and Hendrix (1977) observed tha t ex t rac t 
of oa t cu l tu res of P« cryptogea and p . pa ra s i t i c a var . 
n icot ianae were toxic to tobacco p l a n t s . They observed 
sever i ty of growth inhibi t ion and fo l i a r necros is with 
increas ing time of exposure of the roots to the ex t r ac t . 
Behnke and Lonnendonker (1977) i so la ted phytotoxic subs-
tances from cul ture f i l t r a t e of P. infes tans . They have 
found s ix d i f ferent substances through gel f i l t r a t i o n and 
th in layer chromatography. KLl of than were low molecular 
weight and aromatic compounds of benzene type. 
Pl ick and Rudnicki (1979) observed the cu l ture 
f i l t r a t e s from fourteen day old cul tures of p . cactorum 
contained a toxin capable of inducing wiltinc, of tomato 
leaves a f t e r 6-8 hours and the browning of veins and area 
around them a f t e r 15 to 24 hours. The maximum yie ld of 
toxin was obtained in a medium containing asparagine as a 
source of nitrogen at 24^-26 C in dark. The toxin was not 
p r ec ip i t a t ed with 66% methanol and was not ext rac table by 
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o r g a n i c s o l v e n t s bu t can be a<3sorbed by r3ctivated c±iarcoal 
and f r a c t i o n e d on sephadex G-75 columns, i t was n o n - d i a l i -
zab le and r e l a t i v e l y hiyh molfccular weight having hydrophy-
l i c n a t u r e . 
Breiman and Barash (1981) p a r t i a l l y c h a r a c t e r i z e d 
p h y t o t o x i c compounds from c u l t u r e f i l t r a t e s of p . c l t roph tho ra« 
F i l t r a t e s of 3-4 week o ld c u l t u r e s of the fungus conta ined a 
high molecular and a low molecular weight p h y t o t o x i c compo-
n e n t s which were capable of inducing typic=il symptoms on 
lemon s e e d l i n g s . Bc5th phytc-toxins were n r n - h o s t s p e c i f i c 
The low MW phyto toxin was hydrophyl ic with a MW in the range 
of 500 to 1800 daltc^ns. Xcicl h y d r o l y s i s , a c e t y l a t i o n and 
p e r i o d a t e o x i d a t i o n , r e s p e c t i v e l y i n a c t i v a t e d the b i o l o g i c a l 
a c t i v i t y sugges t ing an involvement .., f pep t ide and sugar 
m o i e t i e s in t h e composit ion of t o x i n . The tox in i n h i b i t e d 
r o o t e longa t ion of genti inat ing lemon and tomato seeds and 
caused i n h i b i t i o n of r o o t l e t s development and w i l t i n g symptoms 
in lemon s e e d l i n g s . 
ENZYMES 
I. pectolytic and cellulolytic enzymes 
Degradation of host cell wall polysaccharide by 
extracellular enzymes c f fungi and bacteria is a fundamental 
aspect of pathogenesis in a wide spectrum of plant disease. 
Xlthough the role of these enzymes may often be only secondary 
18 
in terms of spec i f i c i ty or symptom induction, t he i r i n i t i a l 
or continued production may determine the succecs of 
in fec t ion . 
Mehrotra (1949> studied the extra and i n t r a c e l l u l a r 
enzymes present in the mycelia of Phytophthora cactorum, 
p . c i t r i c o l a , P. pa r a s i t i c a and i t s two vars« piperlna Dast. 
^•^^ nicot ianae (Tuck.) Waterh., a t pH 6.8, end noticed the 
presence of amylase, maltase, emulsin, c e l l u l a s e , honicel-
l u l a s e , invertase and ra f f inase . Except emulsin and Inver-
tase a l l the above were ac t ive e x t r a c e l l u l a r l y . 
Husain and Kelman (1956) invest igated the ro le of 
p e c t i c enzymes produced by black-shank pathogen of tobacco, 
Phytophthora pa r a s i t i c a var . nicot ianae and suggested that 
•wilting of tobacco p lan t s affected by black-shank can be 
a t t r i b u t e d to the formation of t y lo s i s and gums in the host 
v e s s e l s . These authors observed tha t the gum present in the 
vesse ls of diseased t i s sues consisted mostly of pec t ic 
substance. 
Clark (1966) t e s t ed 14 days old cu l tu re f i l t r a t e of 
£• infestans for pr^C, exo and endo-PG and PMG a c t i v i t y , only 
PME ac t iv i ty was detected. The author has concluded tha t 
PME was produced with or without pectin containing medium 
and forms as a cons t i t u t i ve enzyme. Xkinrefon (1968) examined 
the ex t r ace l lu l a r enzyme production by p . palmivora Rutl . 
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i^ vitro* The fungus was more exacting in i t s nu t r i t i on 
for ex t r ace l lu l a r enzyme production than for growth. 
Thirtaen media were tes ted for the production of endo-ooly-
galacturonase^ macerating factors (i^) <?<-L-arabinofurano-
sidatie (;.\F) and phenolase. Ml the natural media tes ted were 
unsuitable for the production of the enzymes except \F and 
phenolase. The synthet ic media supported adequate growth 
but PMB, PMG, PGTE, ^ -g.ifclactosidase, amylase, protease and 
l ec i th inase enzymes were not present in any medium. 'Ihe 
major enzymes detected were endo-PG, AF, MF and phenolase. 
Knee anvd Friend (1968) studied the enzyme production 
of £• Infes tans . Culture f i l t r a t e of the fungus contained 
galactanase enzyme, which cata lyses the l i be ra t i on of 
galactose from potato pec t in . J^kinrefon (1969a) invest igated 
the nu t r i t i ona l requiroments of £ . palmivora Butl , in r e l a -
t ion to ex t r ace l lu l a r pec to ly t ic enzymes. He has found 
maltose as the bes t carbon source for enzyme production 
whereas calcium n i t r a t e as inorganic nitrogen and DL-alanine 
as organic nitrogen supported be t t e r enzyme production. 
Evidence was obtained that PG and MF were cons t i t u t ive but 
hF secretion was only induced by arabans present in pect in . 
The ex t r i n s i c factor , incubation period, temperature and 
pH of media in re la t ion to mycelial growth and enzyme secret ion 
were also inves t iga ted . The mycelial growth could not be 
r e l a t ed to the qual i ty of enzymes produced. 
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Cole (1970) studied pec t i c enzyme .activity of P. 
Infes tans . Culture f i l t r a t e and inoculated potato tubers 
contained endo-PG which was separable from galactanase by 
gel f i l t r a t i o n on sephadex G-100» Pectin lyase and 
macerating enzymes were not detected. 
Knee and Friend (1970) ident i f ied an ex t r ace l lu l a r 
enzyme;) endo-glycanohydrolase produced by p . infes tans . 
This enzyme had a l imited effect on the cohesion of potato 
tuber disc when t es ted . 
Ravise and Tarique (1972) found that one s t ra in 
of each P. palmivora and P« nicot ianae var. p a r a s i t i c a , 
synthesized two groups of pect in lyase which degraded 
pec t i c material in tomato. Enzyme induction occured at 
several stages i r respec t ive of glucose content of medium. 
Reduced a c t i v i t y of these enzymes was observed in tomato 
seedlings r e s i s t a n t to P. infestans* Phenolic ex t rac ts 
from r e s i s t a n t seedlings inhibi ted the enzymes in^ v i t r o . 
Yoshikawa ejt al_. (1977) found a non~pectolytic 
prote in from cu l tu re f i l t r a t e s of P« capsic i Leon, tha t 
macerated the plant c e l l s . Authors have noted tha t t h i s 
non-pectolyt ic factor nei ther reduced the v iscos i ty of 
pect in nor pec t i c acid. I t did not re lease amino acids 
from casein or reducing sugar from pec t i c substances and 
o ther polysaccharides used, a t pH 6.0 to 6.25. Activity 
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of maceration factor was completely ceased by beating a t 
70°C for 10 min or by trypsin treatnnent. They have sug-
gested that the macerating factor i s a thermolabile 
p ro te in , possibly an enzyme vjith an unknown subs t r a t e . 
The fungus also produced endo-type pec to ly t i c enzymes in 
cu l tu re medium but in small quant i ty , 
Mcintyre and Hankin (1976) examined the enzyme 
secret ion by Phytophthora spp. on so l id and l iqu id media. 
M l the i so l a t e s of races 0, 1 and 3 of P. pa ra s i t i c a var« 
n ico t ianae and P^ . parasitica^ produced ribonuclease, deoxy-
r ibonuclease, phosphatase, l i pa se and ce l lu lase on so l id 
media. J^bout 46% of these i s o l a t e s produced polygalactu-
ronase and 85% produced ajmylase in l iqu id media. No i so -
l a t e s in t h i s group produced urease^ chi t inese or pec ta te 
t rans-e l iminase on e i ther media. 
Prasad et_ al^. (1979) reported the e x t r a - c e l l u l a r 
production of pec t i c and c e l l u l o l y t i c enzyme by P.nicot ianae 
var . p a r a s i t i c a , f ru i t ro t pathogen of Psidium guajava. 
The fungus was found to produce c e l l u l a s e , exo- and endo-
polygalacturonase and polygalacturonate-transelim.inase. 
c e l l u l o l y t i c ac t i v i t y was more i £ vivo than in_ v i t ro but 
the reverse was true in case of pec to ly t i c enzymes. 
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Yuan and Tseng (1980) made a comprehensive ex?^mlna« 
t ion of an ex t r ace l lu l a r polygalacturonase isozyme complex 
produced by Phytophthora pa ra s i t i ca Dast. The isozymes 
were designated as endo-PG - ,^ endo-PG 2 ^nd exo-PG. Endo-
PG2 s igni f icant ly caused t i s s u e maceration and c e l l seoara-
t ion on cucumber, egg plant and potato t i s sues , but exo-PG 
enzyme did not . When cucumber discs were t rea ted with both 
endo-PG2 and exo-PG under same condition, apparently the 
exo-PG did enhance the r a t e of t i s sue maceration. The 
fungus did not secrete any pect in lyase enzymes in cu l tu re 
f i l t r a t e . 
Tseng and Tseng (1980) studied the production of 
p e c t o l y t i c enzymes produced by £• capsici t£Jon. Lesion 
e x t r a c t s of P. caps ic i infected egg plant f r u i t s contained 
a heat s tab le endo-polygalacturonate-transelimlnase with a 
optimum pH 8*5. The enzyme prefered polygalacturonic acid 
as subs t ra te and enhanced the ac t iv i ty with calcium ions. 
Ramaraj and Vidhyasekaran (1982) studied the 
pec t i c enzymes in bete lvine infected with p . pa ra s i t i ca 
^^^ ' pipQ-t^i"a Dast. and t h e i r possible role in wi l t develop-
ment. Roots from both healthy and wilted p lan ts showed 
polymethyl es te rase , exo-polygalacturonase, polygajacturonate-
t ransel iminase and pect in- t ransel iminase a c t i v i t i e s . The 
a c t i v i t i e s of a l l these enzymes were several times higher 
in infected t i s sues than healthy and increased alongwith 
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t h e w i l t syndrome development. No endo-po lyga lac tu ronase 
was observed in r o o t s as well as in c u l t u r e medium* The 
fungus s e c r e t e d a l l the above four enzymes in c u l t u r e 
medium a f t e r 7 days of i n c u b a t i o n . 
INFLUENCE OF PMHOGEN ON BIOCCNSTITUENTS OF HOST 
The genera l and s p e c i f i c biochemical i n f l uence on 
t h e c o n s t i t u e n t s of t he h o s t as a consequence of fungus 
i n f e c t i o n a re being d i scussed s e p a r a t e l y in the following 
t e x t . 
Chlorophyl l 
lUien (1942) r epo r t ed t h a t mildew i n f e c t i o n on wheat 
l e d to a decrease in the ch lo rophy l l l e v e l . Mild i n f ec t i on 
always r e s u l t e d in a decrease in p h o t o s y n t h e t i c r a t e without 
any i n i t i a l r i s e . MacHardy eic al_. (1974) observed reduced 
c h l o r o p h y l l in V e r t i c i l l i u r n w i l t of chrysanthemum. 
Singh et^ a l . (1982) i n v e s t i g a t e d the changes in 
c h l o r o p l a s t pigments in wheat l eaves i n f e c t e d with Puccin ia 
graminis t r i t i c j . The i n i t i a l c h l o r o s i s of i n f e c t e d l eaves 
c o i n c i d e s with an app rec i ab l e <Jecrease of ch lo rophy l l ' a ' 
and minor decrease in ch lo rophy l l 'b* c o n t e n t s . But with 
t h e advancement of the d i s e a s e , ch lo rophy l l c o n t e n t was 
i n c r e a s e d , and the pigments were found to be in h igher 
l e v e l s as compared to con t ro l s* 
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Carbohydrate 
Carbohydrates are the essentia] , bases which are 
u t i l i z e d in various biochynical re^^ctions by p l a n t s . The 
va r i a t i on in respi ra t ion and photosynthesis i s a p o s s i b i l i t y 
under diseased condit ions. s imilar ly there are obvious 
p o s s i b i l i t i e s of changes in the carbohydrate contents under 
the s t r e s s o£ the pathogen in diseased tissueso 
Subramanian (1963) reported an enhanced level of 
t o t a l and reducing sugars along with a reduction of non-
reducing sugars in wil t of pegion pea p lants caused by 
Fusarium species . In absence of any d i rec t evidence he 
regarded the changes as an ult imate effect of hich level 
of enzymatic degradation of complex sugars . McCombs and 
Winstead (1964) observed reduction in sug^r contents in 
cucumber f r u i t s infected with Pythium aphanidermatum. The 
same r e s u l t s were noted in tomato f r u i t s infected with 
Phytophthora infestans by Gladilovic and Drel (1965). 
^kinrefon (1969b) found no decrease in sugar contents 
of tomatoes infected with Phytophthora palmivora. Cohen and 
Schif&nann-Nadel (1972) inves t iga ted the biochemical changes 
in lemon infected by Phytophthora c j t rophthora . \ not iceable 
reduction of reducing and non-reducing sugars was observed 
while organic acid contents increased. 
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Hollighan (1974) reported an enhanced level of 
sugars in t i ssues infected with rus t due to uptake of 
sugars by the host under s t r e s s of fungus= The increase 
was accorded due to enhanced enzymic degradation of complex 
polysaccharides* 
Phenols, Phenolase and peroxidase 
••• II • • • . ! » • • •>« mi I l | l » » J . i i l l»r i l l l l l •>» I I . . I I I H I i J M H W l l l l C ' W I I l f c — • — • • W — » • • * • • • ^llilllll • ! !> • • • . I l l •—11 iWl limi . ^ • 
Important mechanism undoubtedly involved in con-
t r o l l i n g biosynthesis and metabolism of phenolic compounds 
in p lants are (i) the feed back mechanism of enzymes by 
intermediate and end product of metabolic pathway and ( i i ) 
the repression or Induction of enzyme synthes is . Numerous 
repor t s have been published on the appearance and accumula-
t ion of phenolic compounds in p lan ts in response to infection* 
Many of these are toxic to cer ta in fungi and bac t e r i a . The 
enzymes,, phenolase and peroxidase play a s ign i f ican t ro le in 
oxidation of phenolic compounds. 
Tomiyama and Stahmann (1964) studied the changes 
in oxidat ive enzymes in potato tuber infected wjth Phytoph-
thora infestans* Vfhen the suscept ible tuber was cut and 
infected with oompatible race of Po infes tans , a peak of 
polyphenol oxidase vjas appeared near the cut surface but 
in outer region ac t iv i ty was dropped sharply. But when cut 
surface was infected with an incompatible race of fungus to 
which the t i s sue was r e s i s t a n t , or was t rea ted with pect inase , 
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an increased ac t iv i ty o£ polyphenol oxidase was observed 
extending much deeper in to the t i s s u e s . No s ign i f ican t 
increase in polyphenol oxidase and peroxidase v;as noted 
in t i s sues suscept ible to the fungus. Hbwever, the increase 
of peroxidase caused by cut t ing infection or treatment v7ith 
pect inase was l imi ted . 
Chr i s t i e (1965) observed the toxic effect of 
phenolic compounds on the growth of Phytophthora spp. 
Cinnamic acid being more toxic out o£ 26 phenolics t e s t ed 
on Po cactorum and P. n icot ianae var. pa r a s i t i c a while 
chlorogenic acid was found to have l i t t l e effect on these 
fungi* , ^ "~- -^ .^  . 
Fehrmann and Dimond (1967) noticed a pos i t ive and 
s t r i k i n g corre la t ion between peroxidase ac t i v i t y in 
d i f fe ren t par t s of potato plant and res i s tance to Phytoph-
thora infes tans . No such corre la t ion could be found for 
the chlorogenic acid content of the t i s sues , but cor re la t ion 
between res i s tance of t i s sues and polyphenol oxidase 
a c t i v i t y could be evident . Enhanced levels of peroxidase 
and accelerated synthesis of phenols in potato tubers in fec-
ted with incompatible race of p . infestans have been 
observed by Tomiyama (1967); Sakai et_ a l . (1967),' sakuma 
and Tomiyama (1967) and Tomiyama and Ishizaka (1967). 
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Desai and P i l l a i (1974) studied the a l t e red levels 
of phenolic compounds in response to black-shank disease. 
Different tobacoo cu l t iva rs of varying degrees of res i s tance 
'^° P^^ytophthora pa ra s i t i ca var. n icot ianae when inoculated, 
did not show any consis tant corre la t ion in phenol content 
and disease r e s i s t ance . The di f ferent v a r i e t i e s showed 
ins ign i f i can t increase of ortho-dihydro3<y phenol a f te r 
infec t ion . 
Friend and Thornton (1974) invest igated the changes 
in phenols and oxidat ive enzymes in r e s i s t a n t and suscept i -
b le potato tubers inoculated with b l igh t fungus, Phytophthora 
in fes tans . The r e s i s t a n t v a r i e t i e s showed enhanced level 
of caffeic acid-o-methyl t ransferase (COMT). The levels of 
both phenolase and peroxidase increased a f t e r infection in 
both the v a r i e t i e s . 
Ravise and Kirkiacharian (1978) found the inhibi tory 
effect of homo-isoflavanones on sporogenesis of Phytophthora 
p a r a s i t i c a in v i t r o which do not affect the a c t i v i t y of 
phenol oxidase and amylases, but inh ib i t d i f ferent ly ^ -g ly -
cosidase and pec t ino ly t i c enzymes. 
Bume and Lelyveld (1982) compared the chemical 
cons t i tuents of di f ferent cvs. of avocado infected with 
£• cinnamomi. m t u r e leaves of d i f ferent cvs. were 
analysed for phenylalanine ammonia-lyase (P\L), peroxidase 
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(PO) indoleacetic acid oxidase (IX^ -o.xidase) , polyphenol 
oxidase (PPO), phenols and soluble proteins. The cv* 
resistant to P. cinnamomi displayea the highest PJVL and 
lAA oxidase and lowest PPO activity, po activity showed 
no significant differences between cultivars. paper chro-
matographic analysis revealed difference in phenolic com-
pounds present in cultivars. 
Lazarovits and ward (1982) observed the polyphenol 
oxidase (PPO) activity in soybean hypocotyls Infected with 
P* megasperma Dredhs- f. sp. glycinea (Hildeb.) Kuan & 
Erwin. Enhanced enzyme activity was detected at incompatibly 
reacting sites within 2 to 3 hrs following inoculation, but 
no activity was found at compatibly reacting sites, although 
these sites developed activity when re-inoculated with an 
incompatible race. 
protein 
Any changes in level of RNA can induce abnormal 
a l t e r a t i o n in qual i ty and quanti ty of pro te in . 
Quick and Shaw (1964) recorded the increased pro te in 
l eve l s in diseased wheat infected with ru s t fungi. The 
enhancement was consequent with the losses in the i n t e r -
pas tu l a r areas and thus probable t rans locat ion within two 
zones. 
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Hilty and Schmitthenner (1966) reported the electro-
phoretic comparison of soybean leaf proteins infected with 
Phytophthora megaspenma var. sojae. Proteins from healthy 
soybean leaf extracts appeared similar with all extraction-
concentration combination used, l^ uthors h^ve suggested 
that, if differences in protein contents are associated 
with resistance of plant; these differences may not exist 
prior to disease initiation, but are induced as a result of 
host-pathogen interaction. 
Yamamoto and Konno (1976) observed the protein 
changes in potato leaves infected with phytophthora infestans. 
They have noticed that a new protein appeared in susceptible 
cultivar when the Wh fraction of a resistant hybrid was 
applied to the leaves. The R£ value of this protein band 
coincided with that of the resistant- hybrid, 6 hrs after 
the inoculation with a P. infestans race to which it was 
resistant. 
YamamotcT et al. (1977) observed the hypersensitive 
reaction of susceptible potato leaves treated with DN1^  
fractions of resistant cv. before inoculation with p. 
Infestans. ^t the initial stage of infection an increase 
was noticed in the quantity of soluble protein, phenyl 
ammonialyase, peroxidase activities in susceptible cv. 
painted with DN.\ fraction of resistant hybrid. The two Rf 
value of new protein recognised in the susceptible cv.'after 
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DN^ fraction treatment coincided with that r f the r e s i s t a n t 
hybrid 6 hrs a f t e r the inoculation cf an incompatible race 
of p . infestans when analysed by gel e lac t rophores i s . 
Yusuf (1981) invest igated the changes in soluble 
p ro te ins in bean leaves infected with Cclletotrichum 
Ijndemuthianum Sacc. & ftegn. He found enhanced l eve l s of 
p ro te ins in diseased t i s sues throughout the period of 
inocula t ion. He further car r ied out the q u a l i t a t i v e analysis 
of protein and observed a new protein band 5 days a f t e r 
inoculation with the fungus. This addi t ional protein was 
assumed, most probably of host o r ig in . 
Nucleic acid 
page and Wood (1963) observed the re lease of RNft. 
and amino acids in s a l t medium by Phytcphthora in fes tans . 
The leakage of amino acid and FlN?i was noticor' when mycelium 
was placed in a s a l t solut ion containing 1/3 of the s a l t 
l eve l used in nu t r i en t so lu t ion . Hypoxanthine, bes ides , 
4 o ther bases were detected in RNA hydrolysates . 
page and Clark (1964) studied the purine breakdovm 
by Phytophth(.;ra in fes tans . The study was undtir taken to 
determine the poss ible pathway of degradative depletion of 
extra-hyphal ?vTP by the hyphae of fungus by means of 
chromatographic and spect ra l ana lys i s . 
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Quick and Shaw (1964) observed a conspicuous increase 
in RNA content and l e s s in DN^  content of r u s t infected wheat 
leaves when compared on fresh weighc b a s i s . Changes were 
diminished when compared on dry weight b a s i s . Authors have 
poin^-ed out t h a t developing uredospores and mycelium were 
r i ch in RN^ content which might be responsible for increase 
in RNIV in infected c e l l s . Changes in DN^  were found n e g l i -
g ib l e . 
Page (1965) invest igated the RNA degradation by 
Phytophthora in fes tans . casual agent of l a t e b l i g h t of 
po ta to . I t was shown that the fungus degraded the nucleotide 
sequence of exogenously supplied RN&. 
Clark (1974) s tudied the metabolism of adenine in 
healthy and infected potato leaves by Phytophthora in fes tans . 
14 J^nalysis of the [ c]-adenine by p e t i o l a r uptake revealed 
t h a t t h i s purine i s extensively metabolized in both healthy 
and diseased leaves and the spec i f ic ac t i v i t y of RNX was 
cons is ten t ly high in bl ighted leaves than heal thy. 
Con t ro l 
Sonoda et aJ_. (1970) tes ted the efficacy of 
Difolatan, Dithane M-45 and Captan on Phytophthora roo t - ro t 
of tomatoes. The treatments could reduce the mot i l i ty of 
zoospores of P. c i t r i c o l a and Difolatan and Dithane M-45 
were more ef fec t ive than Captan in re ta rd ing the development 
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of f o l i a r symptoms. 
Timmer (1977) t r i e d the chemical treatment of roo t -
r o t of c i t r u s caused by P* p?^rasitica and found tha t l00°/< 
zoospore inh ib i t ion of fungus could be obtained by 60 mg/ml 
Captan, copper fungicides o r o»6 mg/ml Captafol- Pyroxy-
chlor applied to trunks a t 240 mg/ml gave good r e s u l t s . 
Kerkenaar and Si jpeste l jn (1978) invescigated the 
antifungal ac t iv i ty of Metalaxyl and Furalaxyl. The 
compounds proved highly se lec t ive to the membtrs belonging 
to peronosporaleSj iri vitro•» Mstalaxyl was more ac t ive 
aga ins t pythlum splendens and Phytophthora cinnamomi a t low 
temperature but in vapour phase i t was more e f fec t ive than 
Furalaxyl on jP. splendens* Both fungi showed reduced hyphal 
growth when t rea ted with these fungicides. The compounds 
were fungis ta t ic during the f i r s t 24 hrs and thereaf te r 
fungicidal in a c t i v i t y . 
Fry et, a l . (19 79) observed that appl icat ion with 
Metalaxyl, zinc ion-maneb complex and Chlorothalonil sup-
pressed epidemic development, i f regular apol ica t ions were 
ca r r i ed out before epidemics of P. infestans on potatoes 
es tab l i shed . Mitalaxyl was only compound which could 
prevent many tuber in fec t ion . 
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Cohen e t al_. (1979) found that a s ingle so i l drench 
containing 0.25 mg/ l i t Ridomil applied to potted tomato 
plants was suf f ic ien t to protec t th^^ p lan ts against b l i gh t , 
caused by P. Infestans* Brown and Hendrix (1980) reported 
tha t Captan, PCNB, Ethazole, Benomyl and Captafol a t 100 ppm, 
s ign i f ican t ly reduced the growth of P« cactorum. in v i t r o . 
Staub and Young (1980) invest igated the mode of 
act ion of Metalaxyl (CG^-4898B) against P. p a r a s i t i c a var . 
n ico t ianae . l ^ce l i a l growth was inh ib i ted on V8-juice 
agar supplemented with 0.2 ^og/ml of compound, but on water 
agar the formation of sporangia was completely blocked by 
concentration of 1 M^/ml of the compounds* 
Bruck et_ al_. (1980) reported tha t Metalaxyl, a 
systemic fungicide effect ively inhib i ted growth and develop-
ment of Phytophthora infestans in potato foliage when 
10 iUg a . i . /ml of Metalaxyl was applied to leaves. I t i nh i -
b i t ed lesion appearance, expansion and sporulat ion on 
les ions and reauced the germination of sporangia produced 
on l es ions . 
Farih et_ a l . (1981) Invest igated the tox ic i ty of 
Metalaxyl on growth and sporulation of phytophthora spp* 
in vitro* Kt low concentration Metalaxyl was highly 
inhib i tory to mycelial growth and formation of sporangia, 
chiamydospores and oospores of P-. n loot Ian ae var« pa ra s i t i c a 
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and p« cltrophthora* Chlamydospore germination was sensitive 
to low concentration, but zoospjres were not affected. With 
both the spore types, however, germ tube growth was highly 
sensitive to Metalaxyl which, thus controls these fungi at 
all stages of their life cycle. 
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iMXTERIjkLS lUSID METHODS 
1• patholoQlcal Studies 
1.1 Collection of diseased mate r ia l s , i so l a t i on . 
pur i f i ca t ion and maintenance of cul ture 
The infected leaves of Costus speciosus showing 
typical K^otch synptoms were co l lec ted from experimental 
farm of CIMAP, Lucknow- Iso la t ions from diseased leaves 
were made by t i s s u e segnent method on potato-dextroas 
agar medium supplemented with 200 ppm vancomycin hydro-
chlor ide (a g i f t from El i Lil ly & Co., Indianapol is , Ind. , 
U•S•^•)• The i so l a t e s were pur i f ied by s ingle hyphal 
t i p segment and maintained on oat-meal agar medium at 
25*^ C» Pathogenicity was tes ted on healthy potted p l a n t s . 
The leaves of the p lants were sprayed with the suspension 
of mycelium and spores of the fungus and the p lan ts were 
kept in humidity chamber for 48 h r s . The plant sprayed 
with d i s t i l l e d water served as control» 
1.2 Host-range s tudies 
Host-range of the pathogai was t e s t ed on detached 
leaves of Nicotiana rus t i ca . N. tabaccum var . samsun^ 
N. tabaccum var. white burly. Datura innoxia, De metel. 
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Lycopersicon esculentus, apianum tuberosum, S- meloncina. 
Piper be t le , and Zingiber o f f i c ina l i s* 
2. Studies .on the cu l tu ra l and morphological 
characters of the pathogen 
Cultural characters of the pathogen, Phytophthora 
nicot janae var . nicot ianae %2 were studied by visual 
observat ions . The rriorphological characters o£ the 
mycelium, sporangium and sex organs -were ey??rriined by 
using compound microscope and scanning electron microscooe. 
For l i g h t microscopy, observations and photography were 
made with Zeiss Photomicroscope. scanning electron 
microscopic examinations were car r ied out by using JEOL-35C 
scanning electron microscope. \ small piece of mycelium 
was carefully teased apart and spread out in a drop of 
d i s t i l l e d water placed on a double s t i ck cellophane on 
SEM copper alloy specimen stub and dried in a c r i t i c a l 
po in t dryer. The specimens were coated uniformly with 
gold vapour using 'Fine Coat* sput ter ing device. Samples 
were viewed and photographed at a beam voltage of 10 KV. 
3 . Studies on the effect of nu t r i en t s and factors 
affect ing on the growth of pathogen 
The fungus was grown on both sol id and l iguld 
media. Each medium was s t e r i l i z e d by autoclaving a t 15 
p s i for 15 minutes. The s t e r i l i z e d media were inoculated 
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with 5 mm discs of ac t ively growinc mycelium. Growth 
was determined by rad ia l spread of mycelium in sol id medium 
while in l i qu id media i t was found out in terms of biomass 
production* 
P-1 broth (Hohl, 1975) with inorganic nitrogen was 
used as basal medium to study the effect of various n u t r i -
t iona l factors v i z . , hydrogen-ion concentration (pH), 
carbon and nitrogen on the growth of fungus. For pH 
s tudies buffered basal medium was used at pH range 3-10. 
Various carbon sources used in the s tudies were 
L-arabinose, L-rhamnose, D-fructose, D-glucose, D-galactose^ 
D-mannose, D-xylose, maltose, l ac tose , sorbose, raff inose, 
dex t r in , s ta rch , inu l in , CM-cellulose, mannitol, so rb i t o l , 
c i t r i c acid, t a r t a r i c acid, l a c t i c acid, maleic acid, and 
succinic acid. They were subs t i tu ted for sucrose in basal 
medium. The concentration of carbon adjusted to 8 g / l i t 
of carbon in basal medium except polysaccharides which 
were added in same quantity as sucrose. Chloride, n i t r a t e , 
su lphate , t a r t r a t e , oxa la te , succinate and phosphate s a l t s 
of ammonium, sodium n i t r i t e , calcium n i t r a t e , potassium 
n i t r a t e , yeast e x t . , peptone, casein, g lycine , L-asparagine, 
a spa r t i c acid, L-alanine, glutamic acid and urea were 
subs t i tu t ed for sodium n i t r a t e as nitrogen sources for 
the growth of fungus. The concentration of ni trogen adjusted 
to 0.509 g / l i t of nitrogen in basal medium. Each of the 
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factors were added to 25 ml basal medium, poured in 150 ml 
Erlenmeyer f l asks , s t e r i l i z e d at 15 psj and inoculated 
with act ively growing mycelium discs of equal s i z e . Xfter 
incubation period of 12 days a t 28 + 2°C, the mycelium 
was f i l t e r e d off, dried at 60'^ C and average dry weight 
was recorded. Five r ep l i ca t e s were maintained in each 
experiment. 
4» production of toxic metabol i te /s in v i t ro 
The pathogen was grown in d i f ferent synthet ic and 
semi-synthet ic l i qu id media a t 25°C. The mycelium was 
separated by f i l t r a t i o n and cu l tu re f i l t r a t e s were heated 
for 10 min at lO ps i to inac t iva te enzyme a c t i v i t y . The 
f i l t r a t e s thus , obtained, were used as toxin samples in 
subsequent studies* 
4«1 Toxicity t e s t of cul ture f i l t r a t e 
^•1«1 I^af spot t e s t 
Toxicity of cul ture f i l t r a t e s were car r ied out 
by placing 30-50 M of f i l t r a t e on the healthy leaves 
of Costus p lan ts and an injury was made with a s t e r i l e 
needle, gent ly . The development of lesion around the pr ick 
was observed. Uninoculated media were used as cont ro l . 
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4.1 .2 Wilting t e s t 
5-10 days old tomato and p?tura innoxie seedlings 
were placed in 15 ml glass v ia l f i l l e d v i th 8 ml of 
cu l tu re f i l t r a t e , and wilting symptoms were observed a t 
d i f fe ren t i n t e r v a l s . Uninoculated medium and d i s t i l l e d 
water were used as cont ro l . 
4 .1 .3 studies on the factors affect ing the px'oduction 
of toxic metabol i te /s in v i t ro 
Richard's modified synthet ic medium containing 
3% sucrose was used to study the effect of various 
factors v i z . , incubation period, pH, carbon and nitrogen 
sources on the production of toxic metabol i t e / s . 
For studying the ef fec t of age of cu l tu re , the 
syn the t i c medium was inoculated with P. nicot ianae var . 
n icot janae 3S,2 and incubated for 5 to 30 days. The cu l tu re 
f i l t r a t e of each incubation period was tes ted for leaf 
spot* For pH s tud ies , medium was adjusted a t d i f ferent 
pH leve l s ranging from 3 to 10 with N/2 HCl or N NaOH. 
For studying the effect of various carbon and nitrogen 
sources, sucrose and potassium n i t r a t e were replaced by 
d i f fe ren t carbon and nitrogen compounds. L-arabinose, 
L-rhamnose, D-fructose, D-glucose, D-mannose, D-xylose, 
maltose, dextr in , s tarch and mannitol were subs t i tu ted to 
sucrose in synthet ic medium on equivalent c=irbon b a s i s . 
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s imi l a r ly , different nitrogen compounds viz.^ ammonium 
ch lor ide , anrnonium n i t r a t e , ammonium salph'^.te, sodium 
n i t r a t e , L-asparagine, glycine, a spar t i c ^cid^ glutamic 
ac id and L-alanine were subs t i tu ted to potassium n i t r a t e . 
The concentration of the each compound was adjusted to 
the amount of nitrogen present in basaj medium. 
In a l l these s tud ies , 25 ml al iquot medium was 
f i l l e d in 150 ml Erlenmeyer f lasks , s t e r i l i z e d at 15 ps i 
and inoculated with 7 days old cu l tu re and incubated for 
o 15 days a t 25 C. After incubation period, mycelia were 
f i l t e r e d off and the f i l t r a t e s were used as toyin ssmioles 
for t e s t . 
5 . Studies on the production of pec to ly t i c and 
c e l l u l o l y t i c enzymes in v i t ro 
5#1 preparation of enzyme sample 
The pathogen, P« nicot ianae var . n icot ianae %2 
was grown on P-1 medium (Hohl, 1975). The various carbon 
compounds used for the study were l% sucrose, i% pectin 
(NBC, Cleveland, VSh) 1% sodium polypectate ( a g i f t from 
Schuylkill Chem. Co., R . l , , USM, VA f i l t e r paper pulp 
and 1% carboxy methyl ce l lu lose (CM:: 30, Hercules Power 
Co, Delware, USA). Twenty five ml of each medium subst i tu-
ted with one of the above carbon sources separately in 
150 ml Erlenmeyer flasks were inoculated with 7 days old 
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c u l t u r e and incubated for 10, 15 and 20 ddys a t 25*^C. 
The mycelium vjas s e p a r a t e d by f i l t e r i n g through double 
l a y e r of cheese c l o t h and t h e c l e a r c u l t u r e f i l t r a t e s , 
o b t a i n e d V7ere passed through b a c t e r i a proof s i n t e r e d 
g l a s s funnel to ronove the s p o r e s . The f i l t r a t e s , t h u s , 
o b t a i n e d were used for enzyme assay* 
5 .2 Enzyme assay 
^•-^•1 pec t in methyl e s t e r a s e (PME) 
The PME a c t i v i t y was assayed by the cont inuous 
t i t r a t i o n method of Ker tesz (1955)* Twenty ml of 1"/ 
c i t r u s p e c t i n (Sigma Ch&n* Co. USA) in 0«1 M NaCl was 
a d j u s t e d to 7«5 pH wi th O.IN NaOH and p laced on a cons t an t 
t empera ture ba th a t 30°C. Two ml of enzyme sample ( c u l t u r e 
f i l t r a t e ) was added, r e a d j u s t e d to pH 7»5 us ing pH meter 
wi th g l a s s e l e c t r o d e and the zero time was no t ed . The 
change in pH was no t ed and c o r r e c t e d p e r i o d i c a l l y by 
adding known volume of 0#1N NaOH« The enzyme a c t i v i t y 
was determined according to the following formula. 
PME = I b t a l volume of 0«1N NapH X 3 . 1 / u n i t time 
volume of enzyme s o l u t i o n 
5 .2 .2 Endo-polygalacturpnase 
Endo-polygalac turonase (endo-PG) a c t i v i t y was 
determined by v i scomet r i c method and the r a c t i o n p roduc t 
was t e s t e d by t h i o b a r b u t a r i c ac id (TBX). 
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a . Viscometr ic method 
The l o s s o£ v i s c o s i t y of the s u b s t r a t e was d e t e r -
mined c-5GCording to Bell e_t al_. (1955) using Fenske-ostwald 
v i scomete r s (minimum ef f lux time 20 sec fo r w e t e r ) . Twenty 
ml of 1% sodium p o l y p e c t a t e (sigm.a, IJSM in c i t r a t e b u f f e r 
" pH 5.5 was used as s u b s t r a t e ^ 2 ml of enzyme sample was 
added to i t and flow time a t 0 , 5 , 15, 30, 45, 60, 75 and 
90 min was r eco rded . Temperature was main ta ined a t 30 C 
throughout the exper iment . The p e r c e n t l o s s in v i s c o s i t y 
was c a l c u l a t e d by t h e fol lowing formula* 
SP.-TIT.^ . X 100 = pe rcen t l o s s in v i s c o s i t y To-Tw -^  «^  
where To = i s the flow time immediately a f t e r the 
a d d i t i o n of the enzyme s o l u t i o n 
Tt = Flow time a f t e r s p e c i f i e d t ime i n t e r v a l 
Tw = Flow time for water 
R e l a t i v e a c t i v i t y (RX) of the enzyme was c a l c u l a t e d as the 
r e c i p r o c a l of time in minutes for 50% l o s s of v i s c o s i t y 
m u l t i p l i e d by 1000• 
1 
Time for 6o% l o s s of v i s c o s i t y 
b . TBK Method 
Reaction product of Endo-PG was t e s t e d for t h i o -
b a r b u t a r i c ac id (TBJV) t e s t by the method desc r ibed by 
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Neukom (1960) and modified by Sherwood (1966)* Two ml 
of the enzyme sample -was mixed with 4 ml of 1% sodium 
p o l y p e c t a t e in c i t r a t e buf fe r a t pH 5*5 and incubated 
for 4 hrs a t 30*-'C. Xfter incubat ion 1 ml of the r eac t i on 
mixture was added to a c i d i f i e d TBX s o l u t i o n (5 ml 0.5N 
HCl and 10 ml O.OIN TBA) and kept in b o i l i n g water ba th 
f o r 1 hr to develop c o l o u r . The absorp t ion spectrum was 
no t ed between 480 to 600 nm using Bausch & Lomb 
spec t ron ic -2o« 
5 . 2 . 3 Endo"polymethyl ^a l ac tu ronase (endo-PMCS) 
Endo-PM3 was assayed by v i s come t r i c method of 
(Bel l e t al_., 1955) using 1% c i t r u s p e c t i n in c i t r a t e 
b u f f e r a t pH 5»5 as s u b s t r a t e . The r e a c t i o n p roduc t was 
t e s t e d for TBX r e a c t i o n as descr ibed e a r l i e r . 
5»2»4 Exo-polygalac turonase (exo-PG) 
Exo-PG a c t i v i t y was determined by measuring the 
i n c r e a s e of g a l a c t u r o n i c a c i d conten t in enzyme-subs t ra te 
r e a c t i o n by din i t r o s a l icy l i e (DNS) method of Hancock and 
M i l l e r (1965) . Reaction mixture con ta in ing 2 ml enzyme 
sample^ 2 ml 0.25% p o l y g a l a c t u r o n i c a c i d (a g i f t from 
Schuy lk i l l Chem. Co . , R . I . , USX) in c i t r a t e bu f fe r a t 
pH 5.5 and 6 ml d i s t i l l e d water was incuba ted a t 30°C. 
Xf ter r e a c t i o n time of O, 30, 45 and 60 minutes , 3 ml 
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sample was removed from reaction mixture a f t e r each 
Specific reaction time, 0«2 ml of M Na2C03 was added 
followed by 3 ml DMS reagent (Millar, 195S) in t e s t 
tubes which were held in boi l ing water bath for lo min 
to dev-=:lop colour . The t e s t tubes were cooled to room 
temperature and OD was measured a t 575 nm against reagent 
blank using Bausch & lortib Spectronic-2o. The ac t iv i ty of 
the enzyme was expressed as the r a t e of increase in 
galacturonic acid concentration in the enzyme-substrate 
react ion mixture a f te r specified time. 
5.2*5 Exo-polymethyl galacturonase (Exo-PMG) 
Exo-PMG in cu l tu re f i l t r a t e of the pathogen was 
also assayed by nsfs method as described e a r l i e r using 
0.25% pectin as subs t r a t e . 
5 .2 .6 Trans-eliminases. (PGTE and PMTE) 
Polygalacturonase t rans-el iminase (PGT£) and 
pect in methyl t rans-el iminase (PMTE) were assayed by 
viscometric method of Nagel and Vaughn (1962) and reaction 
product was t es ted for TBX react ion as described by 
Neukom (1960) and modified by Sherwood (1966). One per-
cen t pectin or sodium polypectate in Tris-HCl buffer a t 
pH 8.5 used as subs t r a t e . 
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5.2.7 Cellulase (CX) 
The ce l lu l a se enzyme ac t iv i ty ^^l^s assayed by 
viscometric method of Bell et_ al_. (1955) using 0.5"/ 
carboxylraethyl ce l lu lose in c i t r s t e buffer a t pK 5.5 as 
subs t ra t e . 
6. Estimation and assay of the production of extra~ 
c e l l u l a r and i n t r a c e l l u l a r amylase anc? inyer tase 
enzymes 
Culture f i l t r a t e obtained a f t e r d i f ferent incu-
bation periods were used for the s tud i e s . For i n t r a -
c e l l u l a r enzyme assay, knovn amount of fungal mycelium 
of different age was extracted in ch i l l ed 50 mM acetate 
buffer pH 5.0 and centrifuged at 15,000 rpm using T-24 
re f r ige ra ted centr ifuge a t 4 C. The supernatant was 
decanted and assayed for enzyme a c t i v i t y . 
6.1 ^ssay of inver tase 
The a c t i v i t y of inver tase enzyme was determined 
according to Luthra (1982). The composition of reaction 
mixture was, 0»2 ml of 50 mM sucrose (KR/BDH, Enciland); 
0 .7 ml of 0.1 M ace ta te buffer pH 5.0 and 0.1 ml of 
enzyme sample. The reagent blank contained 0.9 ml buffer 
and 0»1 ml enzyme ex t r ac t without subs t r a t e . The reaction 
mixture was incubated a t 37°C in a temperature control led 
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water bath for 30 min« Xfter incubation periof?^ the 
Nelson-Somoc;yi a lka l ine copper solution was added to the 
react ion mixture* The amount o£ reducing sugars was 
determined with the colorimetr ic procedure of Nelson (1944) 
as modified by Somogyi (1952) with glucose as reference 
standard a t 620 nm wave length using Pye-Unicam SP 8-100 
UV Spectrophotometer* The amount of corresponding 
sucrose hydrolysed was calculated by multiplying the 
invert sugars using a factor 0«95. 
6»2 j^ssay of amylases 
Tlie enzyme was assayed according to Luthra (1982) # 
The composition of reaction mixture was 1*0 ml starch 
solution (0«6% s tarch in 0.06 M KH2PO4) , 0.9 ml of 0.1 M 
ace ta te buffer pH 5.0 and 0.1 ml of enzyne sample, in the 
case of blank the react ion mixture contained 0.1 ml of 
buffer instead of enzyme. Jifter incubation in a tempera-
ture control led water bath a t 25 C for 30 min, 1 ml of 
iodine-HCl solut ion (60 mg KI and 6 mg I2 in 100 ml of 
0.5 N HCl) was added to reaction mixture- In tens i ty of 
blue colour developed was recorded a t 620 nm with starch 
as reference standard using pye-unicam SP8-100 UV spec t ro-
photometer. The aiTount of s tarch hydrolysed by alfa and 
beta amylases was 'calculated as the value of the concentra-
t ion of s tarch in blank minus the concentration of s tarch 
In t e s t reaction mixture. 
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A -amylase was inact ivated by heating the enzyme 
solut ion a t 70°C for 5 min (Dure, I960). The <<-amylase 
which i s s table a t t h i s temperature was assayed following 
the assay method described above. The s tarch hydrolysis 
index on so l id s tarch medium was ca lcula ted according to 
Ho and Foster (1972). 
7. Extraction and estimation of b loconst i tuents of 
healthy and infected leaves of C. speciosus 
inoculated with P« nicot ianae var. n icot ianae ^2 
7.01 Estimation of chlorophylls 
Known amount of infected and healthy Costus 
leaves were repeatedly extracted separately in 80% cold 
acetone and centrifuged at 5000 rpm for 30 min. The 
colour less residues were discarded and the supernatants 
were pooled and di lu ted with 80% acetone to a known volume* 
Chloirophyll contents weri est imated according to the 
procedure of ^mon (1949) using Pye-Unicam Sp 8-100 
UV spectrophotometer a t 645 nm and 6&3 nm against acetone 
as blank. The amounts of chlorophyll ' a ' g, ' b ' (mg/g) 
were calculated according to the formula given below* 
Total chlorophyll was calculated by adding Chlorophyll 
•a ' and chlorophyll ' b ' . 
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Chlorophyl l a = 12.7 »663 - 2.69 A645 ^ y 
1000 X W 
Chlorophyll b = 22.9 ^645 - 4»68 A663 ^ ^ 
1000 X W 
whereas |^  = absorbance 
V = voluj-ne of e x t r a c t in ml 
W = weight of sample in g 
7«1 Ex t r ac t ion of p l a n t t i s s u e s in a lcohol 
The l ea f samples were chopped and plunged them 
i n t o hot methanol and al lowed to b o i l for 5-10 min« The 
c o n t e n t s were cooled and thoroughly ground in a mortar 
wi th p e s t l e , f i l t e r e d through two l a y e r s of cheese c l o t h 
and the r e s i d u e was r e - e x t r a c t e d in 80% methanol for 
3-5 min and f i l t e r e d . The e x t r a c t s were pooled and 
f i l t e r e d through Whatman No. 1 f i J . te r p.='per and d i l u t e d 
to a known volume. This methanol ic e x t r a c t was used for 
t h e e s t ima t ion of pheno l ic compounds and ca rbohydra tes 
(Mahadevan and s r i d h a r , 1982) . 
7 .2 Est imation of ca rbohydra tes 
7*2«1 Total sugar 
Alcohol s o l u b l e sugars were e s t ima ted using 
Phenol -Sulphur ic a c i d r e a g e n t (Dubois e t al_., 1951) . 
X known a l i q u o t of the alcKphol e x t r a c t (7 .1) was reduced 
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to d ryness in vaouam a t SO^C and d i s s o l /^ed in d i s t i l l e d 
•water. To th i s^ 1 ml of 5% phenol s o l u t i o n followed by 
5 ml of 96% H2S0^ was added and the con t en t s were mixed 
g e n t l y and cooled* H^bsorbance was measured a t 490 nm 
using Bausch & lomb spec t ron i c -20 with g lucose as 
s tandard* 
7 . 2 . 2 Reducing sugar 
The reducing sugars were es t imated with d i n l t r o -
s a l i c y l i c ac id (DNS) reagent ( M i l l e r , 1959) . One ml o f 
a l c o h o l e x t r a c t (7«1) was reduced to dryness in vacuum and 
d i s s o l v e d in known amount c£ d i s t i l l e d water . Tb 1 ml of 
t h i s e x t r a c t 3 ml EWS reagen t was added and heated for l o 
min in a b o i l i n g water ba th and al lowed the co lour to 
deve lop . To t h i s , 1 ml of 40% Rochelle s a l t was added 
and absorbance was recorded a t 575 nm in Bausch & Lomb 
s p e c t r o n i c - 2 o using g lucose as s t anda rd . 
7 . 2 . 3 Non reducing sugar 
A known volume of alcohol extract (7.1) was 
dried under vacuum and 1 ml of distilled water and 1 ml 
of N H2SOA were added to the residue and hydrolysed at 
50*^ C for 30 min on a water bath. The solution was 
neutralized with N NaoH and amount of sugar was estimated 
with DNS reagent as described earlier. 
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7«3 Estimation of phenolic compounds 
7.3.1 Estimation of to ta l phenol 
The quan t i t i es of t o t a l phenol vjetfe. estimated 
according to Swain and Hi l l i s (1959) using Folin-Denis 
reagent (Folin and Denis, 1912). To an a l iquot of 0.5 ml 
alcohol ex t rac t (7 .1) , 0.5 ml Folin-Denis reagent was 
added and thoroughly mixed by vigorous shaking for 3-5 
min, d i lu ted to 7 ml. lb t h i s , 1 ml of sa tura ted Na2C03 
solut ion was added. The solution was thoroughly mixed 
and volume made up to 10 ml with d i s t i l l e d water, \ f t e r 
one hour of incubation the absorbance was recorded in 
Pye-Unicam SP 8-100 UV spectrophotometer a t 725 nm using 
chlorogenic acid as standard. 
7«3.2 Estimation of g lycosidic . f ree, acid and 
basic phenols 
The glycosidic phenols were determined according 
to the method of seevers ano Daly (1970). 7Ui al iquot of 
alcohol ex t r ac t (7*1) was reduced to dryness» Glycosidic 
phenols weire extracted by acid hydrolysis of dried residue 
with 5 ml of 2N HCl for one hour a t 100°C followed by 
a lka l ine hydrolysis with 5 N NaOH a t room temperature for 
2 hr . Free phenols, acid phenols and bas ic phenols were 
ex t rac ted according to Chattopadhyay and Samaddar (1980). 
Jkmount of phenols in a l l cases were determined with 
Folin-Denis reagent described elsewhere. 
51 
7«3#3 Es t imat ion of wall bound phenols 
The wall bound phenols were e x t r a c t e d and e s t i -
mated by the method o£ Chattopadhyay and Samaddar (1980) 
and Mahadevan and Sr idhar (1982) . h knov^ in amount of 
l e a v e s chopped in to small p i e c e s , thoroughly ground in 
mor t a r wi th p e s t l e wi th the a d d i t i o n of 3% sodium dodicyl 
s u l p h a t e (SDS). The ground t i s s u e s were c e n t r i f u g e d a t 
10,000 rpm for 20 min, d i sca rded the supe rna t an t and 
washed the r e s i d u e s u c c e s s i v e l y , once with 3°/. SDS, twice 
wi th water , twice with e t h a n o l , ' twice with d i e t h y l e t h e r 
and once with e thanol and d i e t h y l e t h e r in 3:1 r a t i o . 
Kf te r each washing the m a t e r i a l was c e n t r i f u g e d and t h e 
s u p e r n a t a n t was d i sca rded . Dr ied r e s i d u e was re -suspended 
in 0 .5 M NaOH for 12 h rs and c e n t r i f u g e d . Supernatant 
was used for t h e e s t ima t ion of phenols with Fol in-Denis 
r e a g e n t mentioned e l sewhere . 
7«3.4 Est imat ion of Ortho-dihydroxy (P .P . ) phenols 
The C D . phenols were e s t i m a t e d with Amow's 
r e a g e n t ( \mow, 1937). To 0 .5 ml of a lcohol e x t r a c t 
( 7 . 1 ) , 0 .5 ml of 0.05 N HCl, 0 .5 ml of Arnow's r e a g e n t , 
5 ml of d i s t i l l e d water and 1 ml of N NaoH were added. 
The absorbance of pink co lou r developed was recorded 
u s i n g a Bausch & Lomb spec t ron i c -2o a t 515 nm. Catechol 
was used as s t a n d a r d . 
52 
7*4 Estimation and extraction of oyldatjve enzymes 
A known amount of Infected and healthy Isaf samples 
were extracted separately In chilled 0.1 M phosphate buf-
fer pH 6*0 using prechilled pestle and mortar. The homo-
genate was centrifuged at 15000 rpm in T-24 refrigerated 
centrifuge at 4°C for 15 min pnd supernatant was used 
for assay of polyphenol oxidase and peroxidpse activity. 
7«4.1 ^ssay of polyphenol oxidase 
The activity of enzyme was determined according 
to Mahadevan and sridhar (1982). Two ml of plant extract 
in a cuvette was diluted with 3 ml of 0.1 M phosphate 
buffer pH 6.0, mixed, placed in a colorimeter set at 
495 nm and adjusted the absorbance to zero. Cne ml of 
0*01 M catechol in 0.1 M phosphate buffer pH 6.0 was 
added into the cuvette and changes in absorbance at 
every 30 sec intervals upto 3 min were recorded. The 
enzyme activity was calculated as changes in absorbance 
between first 30 sec and 150 sec of incubation. Heated 
enzyme extract was used as control. 
7«4*2 \ssay of peroxidase 
The enzyme activity was assayed according to 
Mahadevan and Sridhar (1982). The reaction mixture 
contained 3 ml of 0.05 M pyrogallol in 0.1 M phosphate 
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buffer pH 6.0. To t h i s 0*1 ml of p lant ex t rac t was 
thoroughly mixed and the mixture was taken into a 
cuvet te , After the absorbance was se t to zero a t 42o nm 
in the colorimeter , 0.5 ml of 1% '^^2^ ^^® added to the 
mixture and changes in absorbance at 20 sec in t e rva l s 
for 3 min were recorded. The ac t iv i ty of enzyme was 
calculated as changes in the absorbance bctvjeen 40 to 
160 sec . Heated ex t rac t was used as con t ro l . 
7.5 Estimation of buffer soluble leaf prote ins 
7«5«1 Extraction 
The leaf samples were extracted with cold 100 mM 
phosphate buffer a t pH 7.0 in prechi l led mortar with 
p e s t l e . The homogenate was f i l t e r ed and centrifuged at 
40,000 'g-in Beckman L-50 Ultracentrifuge at 4°C. The super-
natant thus, obtained containing soluble pro te ins was 
extensively dialysed against 200 volumes of d i s t i l l e d 
waiter for 48 hrs with several changes of water, protein 
samples were s tored at - 20^C. 
7 .5.2 Studies on soluble leaf pro te ins using Disc. 
Electrophoresis 
Concentration of the protein was measured accord-
ing to the method of Lowry e^ al_. (1951) with BSl^  as 
s tandard. Electrophoret ic pat tern of soluble leaf 
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protein was studied following the method of Davis (1964) 
and Maurer (1971) using Pharmacia, Sweden e lect rophot ic 
apparatus. Polyacrylamide gels were prepared in glass 
tubes (10 X 0.8 mm) with 7.5% separat ing and 2.5% spacer 
gels and were carefully loaded with 100 /tig of pro te in . 
Electrophoresis was car r ied out a t 25°C using t r i s - g l y c i n e 
as e lec t rophore t ic buffer at pH 8.5 with a current of 
3 mK per tube u n t i l l the tracking dye (Bromophenol blue) 
had moved to the lower end of^  separat ing ge l . The ge l s , 
then were removed from the tubes, s ta ined with 0.2% 
Coomassie blue for 1 hr and destained with several 
changes of 7.5% ace t i c acid and 5.0% metihanol in water. 
Gels were scanned on Shimadau (Model, CS-910) den i s i to -
meter a t eOO nm wave length. 
7«6 Estimation of nucleic acids 
7»6.1 Extraction 
The leaf samples were extracted in 80% hot methanol, 
centrifuged and supernatant was descarded. The residue 
was suspended in 10% cold t r i ch lo roace t i c acid (TCX) for 
1 hr to p r e c i p i t a t e the prote ins and nucle ic acids and 
centrifuged for 30 min at 10,000 rpm. Thus, p r e c i p i t a t e 
obtained, contains proteins and nucle ic acids (Mahadevan 
and sr idhar , 1982). 
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7. 6*2 Est imation of n u c l e i c ac ids 
II • • i i i M . i i i — ^ 1 1 — • — • • I i i i P l ^ w i i M i • w i • • iHpM»i » i » i m 
To s e p a r a t e the n u c l e i c ac id s p r e s e n t in TC\ p r e -
c i p i t a t e (Osborne^ 1962), the p r e c i p i t a t e was suspended 
in 0 . 3 N KOH f c r 16-18 hr a t 37°C, c e n t r i f u g e d a t 15000 rpm 
for 20 min and the supe rna tan t was c o l l e c t e d . Residue 
was washed twice with d i s t i l l e d water , cen t r i fuged and 
the supe rna tan t was c o l l e c t e d . The s u p e r n a t a n t s were 
pooled and made upto a known volume. This e x t r a c t con t a in s 
t h e n u c l e i c a c i d s . Before e s t i m a t i o n , RN\ and rasf\ were 
s e p a r a t e d accord ing to Mahadevan and s r i d h a r (1982) . 
7«6.3 Est imat ion of RN\ 
The RN^ con ten t s were determined according to the 
method of Markham (1955) usixig o r c i n o l r e a g e n t . To 1 ml 
o f RNA p r e p a r a t i o n , 2 ml of o r c i n o l r eagen t was added and 
hea ted in b o i l i n g water ba th for 10 min. Jvbsorbance of 
green co lour developed, was measured in Pye-unic.am 
SP 8-100 UV spec t rophotometer a t 665 nm using yeast-RNX 
as s t a n d a r d . 
7*6.4 Es t imat ion of DN^ 
DNX c o n c e n t r a t i o n was determined with d ipheny l -
amine r eagen t (Burton, 1968). lb 1 ml of DN?v p r e p a r a t i o n 
4 ml of diphenylamine reagent was added and incuba ted the 
mix ture for 20 hr a t 27°C to develop the b l u e c o l o u r . 
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Xbsorbance of contents was measured in Bausch s, Lomb 
spectronic-20 a t 600 nm using calf-thymus OMA as standard, 
All the data obtained from host-pathogen i n t e r -
act ion s tudies were subjected for s t a t i s t i c a l analysis 
except r e s u l t s of oxidat ive enzymes. 
8» In v i t ro screening of fungicides against 
p . n icot ianae var . nicot ianae 3^2» 
The efficacy of different fungicides were tes ted 
on growth inh ib i t ion of the pathogen in_ v i t ro by food 
poison technique. The fungicides used for t h i s study 
were i ) Bavistin (2-[iy!ethoxy-carbamoyl5 benzimidazole) ; 
i i ) Benlate (Methyl-1 [butylcarbamoyl]-2-benzimidazole-
carbamate); i i i ) Blitox-50 (Copper oxychloride, 509^ . 
copper); iv) Captan (N-[tr iGhloroethylthio]~4-cyclohexane-l-
2-dicarboximide); v) Cuman L (Zinc-dimethyl-dithiocarbamate); 
v l ) Eifolatan or Folcid (i\r-[_tetrachloroethyl] sulfenyl 
c is-4-cyclohexane-l , 2-dicarboximide); v i i ) Dithane M-45 
(coordination product of zinc and mangnese ethylene 
bisdi thiocarbamate) ; v i i i ) Dithane Z-78 or Zineb (Zinc 
ethylenebisdithiocarbamate, 75%); ix) Ridomil or Metalaxyl 
o r CG\-48988 (N-t2,6-dimethylphenyl]-N-5^2-methoxyacetyl] 
a lanine methyl es te r ) (a g i f t from Ciba-Geigy^ Switzerland); 
x) Thiram (tetramethyl thiuramdisulphide) and xi) Vitavax 
(5 ,6-dihydro-2-methyl"l ,4-oxathin-3-carboxani l ide) . The 
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fungicides were mixed -with S t e r i l i z ed potato-dextrose 
agar medium in 10, 50, 100, 250, 500, 750 and 1000 ppm 
concentration e:<cept Ridomil tha t v,as added in 0 .25, 
0»5, 1»0, 2oO, 3«o, 4.0 and 5.0 ppm concentrat ion. The 
fungicide Incorporated medium was poured in s t e r i l i z e d 
p e t r i p l a t e s and inoculated with 5 mm disc of 7 days old 
fungus culture*: Radial growth of the fungus was measured 
a f t e r di f ferent i n t e rva l s . Five r i p l i c a t e s were maintained 
in the experiment for each treatment . 
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EXPERIMENTiM; RESULTS 
1• Pathological Studies 
1»1 symptoms Q£ the disease 
The symptoms Initially appeared as water soaked 
spots on the leaves. As the disease progressed, the spots 
enlarged and coalesced forming irregular necrotic patches 
surrounded by yellowish halo leading to defoliation and 
death of the plants (Fig. la). 
1.2 Isolation, identification and pathogenicity 
of the fungus 
The infected leaves showing typical blotch symp-
toms when isolated on potato-dextrose agar medium, yielded 
a species of Phytophthora consistently. The funcus was 
identified as P_. nicotianae B. de Haan var. nlcotianae ^2 
and the identification was confirmed by CMI, England. 
Pathogenicity of the fungus was tested on two months old 
Costus plants under high humidity and temperature condi-
tion. The symptoms of the disease appeared as water-soaked 
spots after 48 hrs and finally turned into irregular 
necrotic patches with yellowish halo. The defoliation 
of the infected leaves occurred in 8-10 days (Fig. lb). 
It was observed that disease symptoms were more conspicuous 
Figure la: Healthy (A) and Infected (B) plant 
of Q:>stus speciosus showing advance 
stages of symptom. 
FIG.i<a 
Figure lb; Infected leaves showing leaf 
blotch symptom 
(A) H e a l t h y 
(B) I n i t i a l symptom of t h e 
d i s e a s e 
F i g u r e 2 s C o l o n i e s of P h y t o p h t h o r a 
n i c o t i a n a e v a r . n i c o t i a n a e A2 
o n p o t a t o - d e x t r o s e a g a r medium. 
FIG.lb 
FIG.2 
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on o lder leaves as compared to younger ones. 
1.3 Host ran^e s tudies 
Phytophthora n loot Ian ae var. nloot lanae 1^ 2. <^h® 
causal organism of leaf blotch of C« speclosus could also 
in fec t a number of other p l a n t s . Among them, Nicotiana 
r u s t i c a was highly susceptible to infect ion followed by 
Lycopersicon esculentus . solanurn melongena and N. tabaccum 
v a r . white bur ly . The pathogen could induce mild symptoms 
on N,. tabaccum var . samsun, Datura innoxia and Solanum 
tuberosum, while D. metel, piper be t l e and Zingiber 
o f f i c i n a l i s showed no symptoms. 
2. Cultural and Morphological s tudies of the pathogen 
2.1 Visual observations> Cottony white, fluffy ae r i a l 
mycelium was observed on di f ferent so l id media 
with no zones (Fig. 2 ) . 
2.2 Microscopic observations 
Morphology of the pathogen, P« n icot ianae var. 
n icot ianae ^2 under opt ica l microscope revealed branched, 
non-septate hyphae measuring 4.8 >um in width. Sporangia 
were broadly ovoid to obpyriform, rounded a t the base 
with narrowing a t apex and p a p i l l a t e . Cyl indr ical sporan-
gia were also observed- Sporangia measured 60.9 X 41.3 m 
in s i z e . Caducous sporangia were observed under opt ica l 
Figure 3; Photomicrographs of sporangia 
and oospore of P. nicotianae 
var* nicotianae A2 
(A) Sporangia without pedicels (x 600) 
(B) Intercalary sporangium (X 6OO) 
(C) Sporangium with short pedicel (x €00) 
(D) Sporangium with long pedicel (x 600) 
(E) Direct germinating sporangium (x 480) 
(F) Oospore (X 720) 
FIG.3 
Figure 4: Scanning electron micrographs of 
different types of sporangia 
(AT Sporangium with light granular 
surface (x 3000) 
(B) Cylindrical sporangium (x 3000) 
(C) Sporangium with smooth 
surface (X 3000) 
(D) Sporangium with striation 
on surface (X 3000) 
FIGA 
Figure 4 s Scanning electron micrographs of 
different types of sporangia 
(E) Sporangium v?ith distinct 
zoosporangial opening (X 3000) 
(F) Intercalary sporangium V7ith 
light striation (x 2000) 
(G) Intercalary chlamydospore with 
rough surface (x 3000) 
(H) Developing sporangium (x 3000) 
FIG.LV 
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microscope. The number of deciduous sporangia without 
pedicel was very l e s s than sporangia having var ied s i ze 
of pedicel length. Chlamydospores vjere spherical^ thin 
walled both terminal and in te rca la ry , averaging 36 M" in 
diameter. Oogonia and anther idia were rarely formed but 
abundant when the Costus i so l a t e was grown with Datura 
i so la t e^ P. n icot ianae var. nicotianae \^, Antheridia 
were amphigynous (Fig. 3 ) . 
The scanning electron microscopy (SEM) of the 
fungus also revealed the above mentioned morphological 
charac ters except tha t the sporangial wall was rough and 
l i g h t granular under high magnification. The zoosporanglal 
opening at the apex of sporangium was c i r c u l a r , thick 
walled and d i s t i n c t . In one sample d i s t i n c t s t r i a t l o n 
on few sporangia was observed but not in any other sample 
seen thereaf ter (Fig. 4 ) . 
3 . Nutr i t ional s tud ies and factors affect ing growth 
of the pathogen 
3.1 NutKlent media 
The growth and biomass production of the pathogen 
was determined a f t e r 7 days in different so l id media and 
a f t e r 12 days in l i qu id media, respect ive ly . The growth 
of the pathogen was excel lent on pea ju ice agar, com 
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meal agar, lima bean agar, oa t meal agar and potato-dex-
t rose agar, Gbod growth was also observed on sol id agar 
media of P-1 , Bartnicki-GSrcia 's , C l a rk ' s , Hendrix 's , 
Richard ' s , Leonian's, leaf decoction and glucose yeast 
ex t . peptone media. F r i e s ' , Mehrotra's, Czapek's, 
E l l i o t ' s , Erwin's and Asthana and Hawker's agar media 
Supported poor growth (Table- l ) , Jmong the l iqu id media 
t e s t e d , the biomass was high in lima bean, pea, com meal 
and potato broth followed by P-1 broth, Richard 's , 
Bar tn ick i -Garc ia ' s , Clark ' s and Hendrix's media. Erwin's, 
leaf decoction and glucose-yeast ex t . peptone media 
showed good growth while P r i e s ' , Mehrotra's, Czapek's, 
E l l i o t ' s , Xsthana and Hawker's and leonian ' s media showed 
poor growth (Table-1). The r e s u l t s indicated that na tura l 
media, both so l id and l iquid could support the growth 
of the pathogen b e t t e r than synthe t ic chanically defined 
medium. 
3.2 \ge of the fungus cu l ture 
The effect of age of fungus cu l tu re on biomass 
production are shown in Table-2. The maximum growth of 
the fungus was obtained a f te r 12 days of incubation 
followed by continuous decrease in biomass production with 
the age of pathogen. 
G2 
Table - 1 : Gro-wth of th-i p . n i c o t i a n a e v a r . n l c o t i a n a e \ , 
on d i f f e r e n t sol i 'd and l i q u i d medium* ^ 
! \ 
Medium \ Radial \ Dry weight of 
\ growth mm \ mycelium mg/50 ml 
Idma bean 90.0 480 
pea meal 90.0 470 
Corn meal 90.0 430 
o a t meal 90 'O 4 69 
P o t a t o - d e x t r o s e 80.0 395 
Leaf decoct ion 53.0 200 
P-1 b r o t h 85 .0 359 
R i c h a r d ' s 73.5 260 
B a r t n i c k i - G a r c i a ' s 70*0 250 
C l a r k ' s 69.0 240 
H e n d r i x ' s 74.0 233 
Erwin ' s 49.0 179 
Glucose-yeast ext. peptone 65.5 143 
Leonian.'s 43.0 95 
Mehro t ra ' s 40 .0 83 
F r i e s i 29.0 60 
Czapek 's 25.0 42 
E l l i o t ' s 24.0 30 
ivsthama £< Hawker's 15.0 25 
^ average of f ive r e p l i c a t e s 
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•^•^  Hydrogen-ion concentration (pH) 
The average dry weight of the pathogen after 12 
days at different pH levels in basal medium are recorded 
in Table-3. It is evident from the results that pathogen 
preferred weak acidic and basic medium* The crowth was 
good between 5»2 - 7*6 pH with optimum at 6.4 pH. Patho-
gen failed to grow at 3.0, 3.6, 8.0, 8.4 and 8.8 pH 
levels. 
3•4 Carbon sources 
The pathogen showed abundant grov;th in basal 
medium containing starch as carbon source followed by 
carboxyl methyl cellulose^ sucrose and glucose. Good 
growth was recorded with maltose, mannose^ fructose and 
dextrin. Inulin, xylose, mannitol and rhamnose supported 
moderate growth while raffinose^ arabinose, sorbose and 
lactose supported poor growth of the pathogen. The 
pathogen could not utilize any organic acid tested as 
carbon source (Table-4). 
3.5 Nitrogen sources 
The growth of the pathogen on different nitrogen 
sources in liquid basal medium after 12 days is shown in 
Table-4* Sodium nitrate was utilized best by the fungus 
followed by L-asparagine^ glycine, potassium nitrate, yeast 
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Table - 2: Effect of incubation period on biomass "^ 
production of p . n icot ianae var . nicotianae ^2 
r-
I n c u b a t i o n p e r i o d 1 Dry w e i g h t of mycel ium* 
( i n days) I mq/50 ml ^ _^_ 
7 180 
12 276 
17 259 
22 230 
27 200 
32 170 
^ a v e r a g e o'f' S r e p l i c a t e s ~ 
T a b l e - 3 ; E f f e c t o f d i f f e r e n t pH on b iomass p r o d u c t i o n 
o f £•. n i c o t i a n a e var# n i c o t i a n a e jC . 
r \ 
Initial pH I Final pH I Dry weight of mycelium* 
K ^  t mg/50 ml 
3 . 0 
3 . 6 
4 . 0 
4 . 4 
4 . 6 
5 . 2 
5 . 6 
6 . 0 
6 . 4 
6 . 8 
7 . 2 
7 . 6 
8 . 0 
8 . 4 
8 . 8 
3 . 0 
3 .57 
3.80 
4 . 2 1 
5 . 0 
5 . 0 
5 . 2 
5 . 3 
5 . 4 2 
5 .70 
6 . 5 
6 .54 
7 .90 
8 .40 
8 .78 
60 
100 
150 
200 
240 
285 
310 
280 
230 
190 
• average of 5 replicates 
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T a b l e - 4» Growth o f t h e p . n l c o t i a n a e v a r . n i c o t i a n a e ^^ 
i n l i q u i d b a s a l medium c o n t a i n i n g d i f f e r e n t 
c a r b o n and n i t r o g e n s o u r c e s • « 
T r T~ 
K Dry w e i g h t 
X of mycel ium 
X mg/50 ml 
Carbon I 
s o u r c e t 
iSkrabinose 
F r u c t o s e 
G a l a c t o s e 
Glucose 
Mannose 
Rhamnose 
s o r b o s e 
x y l o s e 
L a c t o s e 
M a l t o s e 
S u c r o s e 
R a f f i n o s e 
C M - C e l l u l o s e 
D e x t r i n 
In u l i n 
Manni to1 
C i t r i c a c i d 
Ma le i c a c i d 
S u c c i n i c aci* 
T a r t a r i c a c i ' 
No ca rbon 
Dry w e i g h t 
o f mycel ium 
mg/50 ml 
58 
250 
40 
270 
255 
95 
56 
115 
50 
261 
300 
90 
325 
227 
142 
80 
N i l 
II 
i " 
a " 
II 
I N i t r o g e n 
I s o u r c e 
Ivmmonium 
Ammonium 
^monium 
Ammonium 
Ammonium 
Jtomonium 
•Ammonium 
L-Asparac 
L- hi an infc 
X s p a r t i c 
c h l o r i d e 
n i t r i t e 
s u l p h a t e 
t a r t r a t e 
o x a l a t e 
s u c c i n a t e 
p h o s p h a t e 
j i ne 
a c i d 
Ca lc ium n i t r a t e 
C a s e i n 
G l y c i n e 
L-Glu tamic a c i d 
P o t a s s i u m n i t r a t e 
p e p t o n e 
Sodium n i t r a t e 
u r e a 
Y e a s t e x t r a c t 
No n i t r o g e n 
156 
80 
200 
30 
25 
130 
180 
264 
216 
200 
179 
20 
259 
165 
230 
70 
290 
N i l 
209 
N i l 
"* a v e r a g e o t f i v e r e p l i c a t e s 
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ejitract and anrttionium sulphate. The growth was good when 
L-alanine^ aspar t i c acid, arrmonium phosphete, L-glutamic 
acid, calcium n i t r a t e and ammoniuni d^loride was subs t i -
tu ted . Jkmmonium n i t r a t e , peptone, ammonium tartx-ate, 
amraonium oxalate and casein could not support good growth 
of the pathogen* Result shows that the pathogen can 
u t i l i z e both inorganic and organic nitrogen for i t s 
growth. 
4. Production of toxic metaboll te /s in v i t ro 
4.1 Ibxin Bioassay 
Culture filtrate produced necrotic lesions on 
Costus leaves after 48 hrs (Fig. 5). Necrotic zones were 
formed around the pricked spots in the initial stage which 
was followed by the formation of yellowish brown lesion 
extending towards apex of the leaves. Xfter 4-5 days 
the lesions coalesced resulting in yellowing and defo-
liation. No necrotic lesions were observed on the leaves 
treated with uninoculated medium. The filtrate could 
also induce wilting in Datura seedlings. 
4.2 production of toxic metabolite/s in different media 
The pathogen when tested in 11 media for the 
production of phytotoxic metabolite/s, it was found that 
the fungus could induce the toxin production only in 
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Table - 5: prodaction o£ toxin /s in different l i qu id 
medium by P» nicotianae vac- nicotianae JVo* 
J. _ 
M e d 1 u m \ Leaf spot Ind&x*; 
Potato-broth 2.50 
Lima bean-broth 
Leaf decoction 
P-1 broth 2.10 
Bartnlckl- 'Garcia 's 
Erwin's 
C l a r k ' s 6.50 
Hendrlx's 5.00 
Richard 's 8.54 
Frx«=s* 
Glucose-yeast ext .-peptone 
"5 average o^ 5 leaves 
Table - 61 Effect of different age of culture filtrate 
of P. nicotianae var. nicotianae _^ on the 
pro'duction of toxin/s in vitro 
r 
^ge of culture filtrate (in days) X I^ af spot index* 
0 
5 
10 3.50 
15 8.00 
20 6.50 
25 3.50 
30 
35 
"5 average of 5 leaves " " 
Figure 5: Effect of culture filtrate of 
P. nicotianae var. nicotianae AJ 
(A) Healthy 
(B) Treated with heated culture 
filtrate 
Figure 5.1: Effect of culture filtrate of 
p. nicotianae var. nicotianae A2 
grown in different media 
(A) Healthy 
(B) C u l t u r e f i l t r a t e o f R i c h a r d ' s medium 
(C) c u l t u r e f i l t r a t e o f C l a r k ' s medium 
(D) c u l t u r e f i l t r a t e o f Hendrix» medium 
FIG.5 
FlG.5.1 
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5 media (Table-5). Culture f i l t r a t e of Richard's medium 
showed more toxic effect on Costus leaves follovjed by 
Cla rk ' s and Hendrix's medium. Potato dextt-ose broth and 
p-1 broth viere found to be poor madia for toxin production. 
4«3 Factors affecting the tox in /s production in v i t ro 
4.3.1 Kgfe of the fungus cul ture 
The phytotoxici ty of cu l ture f i l t r ? i t e of the 
pathogen of different age i s presented in Table-6» The 
pathogen produced highest amount of toxin a f t e r 15 to 20 
days incubation. However, the production declined beyond 
t h i s period of incubation. No toxin a c t i v i t y could be 
observed in 30 and 35 days old cu l ture f i l t r a t e . 
4 •3*2 Hydrogen-ion concentration (pH) 
The r e s u l t shows that pathogen produced maximum 
amount of toxin in ac idic pH. The toxin ac t iv i ty was high 
a t pH between 5.2 to 5.8 with maximum production a t 5.6 pH. 
Low ac t iv i ty was recorded at pH 4 .8 , 6*8 ana 7-2 (Table-7>. 
No toxin ac t i v i t y was detected in cu l tu re f i l t r a t e a t 
pH 7.6 and 8.0. 
4 . 3 . 3 . Carbon sources 
The toxin production was high in medium containing 
sucrose as sole carbon source followed by glucose and 
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Table - 7 : Effect of d i f f e r e n t hydrogen-ion concen t r a t i on 
on t o x i n / s product ion by P« n i c o t i a n a e v a r . 
n i c o t i a n a e "^2 _in v i t r o . 
1 —" 
Hydrogen-ion concen t ra t ion X L^af spot index* 
_J 
4#0 
4*8 2.0 
5.2 6*0 
5.6 10.0 
6.0 8.8 
6.4 8.0 
6.8 6.0 
7.2 4.0 
7.6 
8.0 
* average of 5 l eaves 
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f ructose . Poor toxin production was obsc=rvec] in media 
containing mannose and maltose while no toxin was produced 
in media containing xylose, rhamnose^ dextr in , s tarch 
and mannitol as sole carbon sources (Table-e) . 
4«3#4 Nitrogen sources 
production of toxic metabol i te /s in cul ture f i l -
t r a t e by the pathogen was highest when L-asparagine was 
used as the sole nitrogen source in medium followed by 
potassium n i t r a t e (Table-8). Vnmonium chlor ide , ammonium 
n i t r a t e and ammonium sulphate showed good toxin production 
as compared to sodium n i t r a t e , glutamic acid and glycine, 
Aspartic acid and alanine could not induce any toxin 
production* 
5» Production of pec to ly t i c enzymes in v i t ro 
5«1 pectin methyl es te rase (PME) 
The pathogen, £• nicot lanae var. nicot janae ^2 
showed only a weak pectin methyl es terase a c t i v i t y in 
P~l broth medium containing 1% pectin as subs t ra te (Fig.6)< 
The ac t iv i ty of t h i s enzyme could not be detected in the 
medium containing sodium polypectate or sucrose as carbon 
source. 
Table - 8 : Effect of d i f f e r e n t carbon =>.nd n i t rogen 
compounds on the produc t ion of t o x i n / s 
by P. n i c o t i a n a e v a r . n i c o t j a n a e ^2 
in v i t r o . 
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T 1 
I Lfcaf spot I 
\ index* _^ ) 
Carbon 
compound 
j Nitrogen X 
[ compound \ 
hmmonium c h l o r i d e 
Jtfnmoniuin n i t r a t e 
JUnmoniura su lpha te 
Potassium n i t r a t e 
Sodium n i t r a t e 
L-Jvsparagine 
Glycine 
Xspar t i c ac id 
Glutamic ac id 
L-Manine 
Leaf spo t 
index* 
6.0 
6*5 
5.5 
7.9 
4.0 
10.0 
2.0 
-
2.0 
«* 
3»,rabinose 
RhaiTinose 
x y l o s e 
Mannoee 
F r u c t o s e 
Maltose 
Sucrose 
Glucose 
Dextr in 
S t a r ch 
Mannitol 
w» 
-
-
3.0 
5.5 
2.5 
8.0 
6*5 
•M 
W 
im 
'^ average o i & leavteis 
10 15 20 
DAVS AFTER INOCULATiON 
Figure 6 : Pect in methyl es te rase a c t i v i t y 
of cu l tu re f i l t r a t e from pec t in 
containing medium. 
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5.2 Endo-polygalacturonase (endo-PG) ^nr^ on cb-poly me thy I 
galacturonase (endo-PMG) 
£• nlcot janae var. n lcpt lanae %2, when grown in 
p-1 broth mediijm containing 1% pect in or sodium polypec-
t a t e as carbon source, produced s ign i f ican t amount of 
endo-polygalacturonctse and endo-polymtthyl galacturonase. 
The cu l ture f i l t r a t e s when assayed for these enzymes 
caused a rapid loss in the v iscos i ty of 1% pectin or 
sodium polypectate a t pH 5»5 (Fig. ? ) • The enzyme r e -
action product when assayed for spectrophotometrie method, 
show^Jd a consis tant absorbance peak a t 515 nm (Pig« 8) 
indicat ing thereby the hydrolyt ic cleavage of both methy-
l a t ed and non-methylated subs t ra tes due to the ac t iv i ty 
of encb-polymethyl galacturonase and en do-polygalacturonase, 
respect ively* However, the ac t i v i t y of these enzymes 
could not be detected when the pathogen was grown in medium 
containing 1% sucrose, indicat ing adaptive nature of these 
enzymes* 
5«3 axo"polygalacturonase (exo-PG) 
The pathogen produced exo-polygal'='cturonase in 
c u l t u r e medium containing 1% pectin as carbon source. 
DNS react ion inaicated the increasing concentration of 
ga lac turonic acid with the progress in reaction time. No 
exo-polymethyl galacturonase was detected in cul ture 
f i l t r a t e (Fig. 9 ) . 
15 30 A5 
T(ME IN MINUTES 
60 75 
V 
F i g u r e 7 : (A) E n d o - p o l y g a l a c t u r o n a s e a c t i v i t y 
o f l o d a y s o l d c a l t u r e f i l t r a t e 
from medium c o n t a i n i n g p e c t i n o r 
sodium p o l y p e c t a t e (NaP) a s c a r b o n 
s o u r c e 
(B) endo-polymethyl g a l a c t u r o n a s e 
a c t i v i t y of 15 days o ld c u l t u r e 
f i l t r a t e from medium c o n t a i n i n g 
p e c t i n o r sodium p o l y p e c t a t e (^3aP) 
a s carbon sou rce . 
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5.4 pectlnmethyl-transellminase (PMTE) and 
polyQalacturonatfa-'transelIminase (pGTS) 
The fungus, P. nlcotjanae var . n icot lanae %2 did 
no t proauce any transeliminase enzymes in cu l tu re f i l t r a t e 
when assayed for viscometric method (Table-9)* The r e s u l t 
vjas confirmed by spectrophotometric assay of the enzyme-
subs t ra te reaction product. 
6« Effect o£ different carbon sources on the production 
of pec to ly t ic enzymes 
The r e l a t i ve a c t i v i t y (R%) of enzymes, ca lcu la ted 
as the reciprocal of time in minutes for 50 percent loss 
3 
in v iscosi ty of the subs t ra te X 10 , of d i f ferent pecto-
l y t i c enzymes i s shovm in Table-9. The r e s u l t s indicate 
t h a t the pathogen produced s ign i f ican t amount of endo-PG 
and endo-PMG in cu l tu re medium containing pectin or 
sodium polypectate but fa i led to induce any enzyme produc-
t ion in sucrose containing medium. Transeliminase enzymes 
could not be detected in cu l tu re medium containing 
pec t in , sodium polypectate o r sucrose. The r e l a t i v e 
a c t i v i t y of endo-PG was higher with sodium polypectate as 
subs t ra te than pec t in . Considerable amount of endo-PM5 
was observed in pect in containing medium, though the 
production of t h i s enzyme was p rac t i ca l ly very weak in 
sodium polypectate containing medium. XI1 the enzymes 
Table - 9: Relative ac t iv i ty (RA) of pec to ly t i c enzymes 
produced by p . nicot ianae var . n lcot ianae %.2 
in v i t ro on d i f fe ren t carbon sources a i t e r 
T? days of incubation. 
Carbon source 
Sucrose 
pec t in 
Sodium 
polypectate 
T 
I 
T 
Relative enzyme activity ( R M * 
! """-^— 1— I ESxo-PG \ Sndo-PMG I PMTE \ PQTE 
102 
202 
30.0 
4.5 
"* Relative enzyme activity expressed as the "reciprocal 
of time in minutes for 50% loss in viscosity x 10^. 
Table - 10: Relative activity of pectolytic enzymes 
produced by P. nicotianae var. nicotianae i^  
in vitro at "different age' of cuTture. 
74 
J ^ 
Carbon sources I ^ge of \ f^ la t ive enzyme a c t i v i t y * 
p e c t i n 
Sodium 
p o l y p e c t a t e 
J c u l t u r e T 
(days ) I 
10 
15 
20 
10 
15 
20 
endo-PG 
102 .00 
5 2 . 6 4 
2.bO 
202 .00 
1 2 5 . 0 0 
1 1 . 1 1 
endo-P^G 
3 0 . 0 0 
6 7 . 0 0 
5 0 . 0 0 
4 . 5 0 
8 .00 
2 . 8 0 
T» Relative enzyme ac t iv i ty expressed as the rec iprocal 
of time in minutes for 509^  loss in v iscos i ty x 10-^. 
> 
040T 
Q35 
Q30 
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CO 
S02OI 
< 0.15} 
o 
^010! 
005 
ENDO— PG 
0 - 0 ENDO — P M G 
480 500 520 5A0 560 580 600 
WAVE LENGTH CTim) 
Figure 8; Activity of endo-polygalacturonase 
(endo-PG) and endo-polymethyl-
galacturonase (endo-PMG) of 10 days 
old culture filtrate tested spectro-
photometrically with TBA reaction 
products. 
0 15 30 A5 
TIME IN MINUTES 
60 75 
Figure 9: Exo-polygalacturonase a c t i v i t y 
of cu l ture f i l t r a t e from pect in 
containing medium 
(o-o) 10 days (•-•) 15 days and 
(o-o) 20 days old cu l tu re f i l t r a t e 
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measured in cul ture f i l t r a t e were adaptive in na ture , 
s ince the pathogen fai led to induce t h e i r production When 
sucrose was used as sole carbon source, 
7. Effect of age of cu l tu re on the production of 
pec to ly t ic enzymes 
The production of pec to ly t i c enzymes in v i t r o 
was great ly influenced by the age of ppthogen (Table-io)* 
The ac t iv i ty of endo-PG in 10 days old cul ture f i l t r a t e 
was recorded higliest but a c t i v i t y rapidly decreased in 
15 days old f i l t r a t e and to a further low level in 20.days 
o ld cu l ture f i l t r a t e . Naximum exo-PG was detected in 
15 days old f i l t r a t e but a gradual decrease of the a c t i v i t y 
of t h i s enzyme was observed in 20 days old f i l t r a t e . The 
pathogen P. nicot lanae var. n icot ianae ^2,Produced 
endo-PMG which was detected from the loth day upto 20 days 
o ld cu l tu re f i l t r a t e with maximum ac t iv i t y in 15 days old 
f i l t r a t e and gradually decreased with the age of mycelium, 
pectinmethyl es terase was observed maximum in 10 days 
o l d cu l ture f i l t r a t e with gradual decrease in 15 and 
20 days old f i l t r a t e (Fig. 6 ) . 
8 . Production of c e l l u l o l y t l c enzymes in v i t ro 
The organism was found to be weakly c e l l u l o l y t l c 
The cu l tu re f i l t r a t e obtained from carboxyl methyl ce l lu lose 
(CMC) containing medium reduced the viscosi ty of 0.55< CMC 
15 30 A5 60 75 
TIME IN MINUTES 
90 
Figure lO: cellulase activity of 20 days 
old culture filtrate from 
carboxylmethyl cellulose (CMc) 
and filter paper pulp (FPP) 
containing medium. 
76 
in c i t r a t e buffer pH 5.5 very s3.owly, whiJ-O f i l t r a t e 
from f i l t e r paper pulp and sucrose cr-ntajning meclia 
f a i l e d to recluce the v iscosi ty of 0,5°/. CMC ^.nc; no a l t e r a -
t ion was recorded with the age of mycelium (Fig. 1.0) • 
Ihe pathogen Completely fa i led to show any growth on f i l -
t e r paper pulp^ while appreciable growth was recorded in 
CMC and sucrose containing medium. The ce l lu lese 
a c t i v i t y was observed in 10 days old cu l tu re rneoium con-
ta in ing CMC as carbcin source and increased with the age 
of mycelium. 
9« Production of extra and i n t r a c e l l u l a r amylase 
and invertase 
9.1 i^ylases 
The al£a and beta amylase ac t iv i ty was observed 
in both, cu l tu re f i l t r a t e and mycelium. The ensyme^ 
ex t rac ted from mycelium hydmlysed 0.6y> s tarch solut ion 
very rapidly as compared to enzyme from cul ture f i l t r a t e . 
K,-amylase production was higher than /i -amylase both 
in cu l tu re f i l t r a t e and mycelium. The ac t i v i t y of both 
enzymes was observed in 10 days old cu l ture f i l t r a t e 
with an increase upto 20 days and reduced ac t iv i ty was 
not iced in 25 days old f i l t r a t e (Table-11). The i n t r a -
c e l l u l a r amylase from mycelium was highly act ive on 
0.6% starch in reaction mixture and the enzyme a c t i v i t y 
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Table - 1 1 : Product ion of extra-^and i n t r a - c e l l u l a r 
amylase enzymes by p» n i c o t i a n a e V'-^r. 
n i o o t i a n a e K2 "^^ d iTfe ren t days of 
incubat ion* 
Days a f t e r KEx t r ace l l u l a r amylase* JDays \ Intra-cellular 
incubation jjin culture filtrate Jafter \ amylase** in 
i ](incu- X mycelium 
I Kbation X 
0 
10 
15 
20 
25 
X 
amylasejl 
0 . 0 
1.86 
3 .00 
3 .50 
2 .80 
/3' -amylase 
0 . 0 
0 . 7 4 
1.20 
1.75 
1.00 
8 
12 
16 
20 
24 
- amy lase](/8-amylase 
900 
1166 
1300 
1216 
1000 
600 
699 
8 6 6 
6 1 6 
250 
** Enzyme a c t i v i t y was 'expressed as /ug s t a r c h hydfolyzed 
min"^ ml"^ of c u l t u r e f i l t r a t e , 
** Enzyme a c t i v i t y was expressed as /jq s t a r c h hydrolyzed 
min"-^ g~^ of f resh weight of mycelium. 
Table - 12: s t a r c h hyd ro ly s i s by p . n i c o t i a n a e var . • 
n i c o t i a n a e JV„ a t diff"ererTt" incutJation 
p e r i o d on P - i agar medium supplemented with 
2% s t a r c h -
1 ! ! 1 
Days after I starch hydrolysis !( X I 
incubation I estimate I D* X d** I d/P*** 
7 
12 
17 
22 
"^ D = MSan diameter oi fungus colony immediately 
before iodine application (in mm). 
*• d = Mean diameter of clear starch hydrolysis zone 
within the fungus colony after iodine application 
(in mm). 
*** d/D =" Starch hydrolysis index". 
+++ 
+++ 
+++ 
+++ 
70 
80 
90 
90 
62 
7 1 . 5 
85 
8 7 
0 . 8 8 5 
0 . 8 9 3 
0 . 9 4 0 
0 . 9 6 6 
T^^a^ 
• ^ ^ • ' : : : : ; r . . . " - : : . 
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was influenced with the age of mycelium. The a c t i v i t y 
of K~^niylase was observed in 8 clays old mycelia with 
rapid increase on 12th day and on 16tn day i t was 
maximum, a f t e r which the a c t i v i t y decreased sj c-^ wly in 
20 days and 24 days old mycelium. Similar r e s u l t s were 
obtained with y®-amylase, but increase in enzyme a c t i v i t y 
was very slow t i l l 16 days followed by decrease in 
20 days old mycelium and abrupt decline in 24 days old 
mycelium was observed. I t was noted that amylase enzymes 
were produced in sucrose containing medium vjhich ind ica te 
the cons t i tu t ive nature of enzymes. Production of amylase 
enzymes was also observed in so l id media fTable-l2)* 
9.2 invertase 
The invertase enzyme ac t i v i t y was present in 
appreciable amount^both in cu l tu re f i l t r a t e and mycelium 
of the pathogen (Table-lS). The a c t i v i t y of enzyme 
var ied with the age of pathogen. Ext race l lu la r inver tase 
was observed in 10 dvays old cul ture f i l t r a t e with maximum 
a c t i v i t y a t 15 days fi-llowed by decrease in 20 and 25 
days old f i l t r a t e . The inver tase ac t iv i ty was observed 
in 8 days old mycelium which increased rapidly t i l l 16 days 
and thereaf ter an abrupt decrease in 2o and 24 days old 
mycelium was noted. The enzyme ac t i v i t y in mycelial 
e x t r a c t was high in hydrolysing 50 mM sucrose solut ion 
as compared to enzyme present in cu l tu re f i l t r a t e . 
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Table - 131 production of extra and i n t r a - c e l l u l a r 
inver tase enzyme by P» n.lcotjanae var# 
n lcot ianae X2 at d i ^ e r e n t days of 
Incubation. 
'" 1 ! 1 
Days af te r I Ex t ra -ce l lu la r jDays a f t e r J l n t r a - c e l l u -
inCubation t i nver tase* in Iincubation Xlar i n v e r t a s e • • 
1 cu l tu re f i l t r a t e j Kin mycelium 
0 
10 
15 
20 
25 
0 
2 . 8 5 
5 .54 
4 . 2 9 
1*40 
8 
12 
16 
20 
24 
2 0 . 7 5 
4 0 . 0 0 
67*79 
3 0 . 0 8 
1 0 . 1 2 
• aizyme a c t i v i t y was expressed as 
jUQ sugar hydrolyzed min"* ml"l 
culture f i l t r a t e . 
• • Enzyme a c t i v i t y v?as expressed as 
)Wg sugar hydrolyzed min"! Sf^ fresh 
weight of mycelium. 
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10. Biochemical changes in healthy end infected 
leaves o£ C» speciosus. 
10.1 Chlorophylls 
The changes in chlorophyll contents of Costus 
leaves infected with P» nicotianao var . nicot ianae A„ 
are presented in Table-14« The t c t a l chlorophyll (Chi. 'a» 
and Chi. ' b ' ) contents of infected leaves was observed 
to decrease vjith the progress of the disease, but the 
decline of chlorophyll b was l e s s than chlorophyll a a t 
a l l s tages of infect ion. 
10.2 jSugars 
Quanti tat ive changes in to ta l soluble and reducing 
sugars were noticed in infected leaves of Costus p l a n t s . 
Total soluble sugar and reducing sugar contents increased 
4 days af ter inoculation with ma3<imum increase on 8th 
day. Rapid decline in sugar contents was noticed in 12 
and 16 days a f te r inoculat ion. Whereas the amount of 
t o t a l soluble sugars in the inoculated leaves was higher 
as compared to the uninoculated in the l a s t sampling. 
The concentration of non-reducing sugar in inoculated 
leaves s ign i f ican t ly decreased with the progress of 
disease (Table-15). 
Table - 14 Changes in the ch lo rophy l l con t en t s (/ug/g 
f resh -weight)*) of C- spec iosus l eaves i n -
fec ted with £• n icoTianae v a r . n i c o t i a n a e 
K2 ^^ d iffeirent s t a g e s of d i sease development, 
8 
t X 
Days a f t e r I Chlorophyl l a j jchlorophyll b \ Total c h l o -
i n o c u l a t i o n l If \ r o p h y l l 
J J \ J J i ^ 
l Heal thy j( Ihocu- J Heal thy j( Inocu- XHealthylf Ino -
l X l a t e d I X l a t e d K X cu-
I I I X I X l a t e d 
0 
4 
8 
12 
16 
1100 
1095 
1108 
1107 
1112 
1103 
900 
710 
357 
227 
405 
410 
409 
412 
415 
40 3 
344 
285 
216 
135 
1500 
1505 
1510 
1512 
1515 
1503 
1250 
1025 
580 
362 
* * s i g n i f i c a n c e 
by T test 
*) average of three replicates 
** significant at 1% level 
• * * * 
Table - 15 3 Changes in the ca rbohydra te c o n c e n t r a t i o n 
(Mg/g f resh weight)*) of C« spec iosus l eaves 
i n f e c t e d with £ . n icot iana 'e va r . njLco'tianae 
3^2 a t d i f f e r e n t s t a g e s of d i s ease development. 
! 1 ! 
Days a f t e r ]| Reducing sugar ][Non~reducing sug^rK Tota l sugar 
i n o c u l a t i o n 1 I I I I I 
I Heal thy l Inocu- 1 Healthy X Inocu- iHeal thyJ Inocu-
X I l a t e d X X l a t e d X X l a t e d 
0 
4 
8 
12 
16 
3180 
3200 
3300 
3250 
3272 
3185 
5200 
6500 
5500 
4600 
2400 
2400 
2450 
2480 
2489 
2410 
2200 
1600 
1350 
1200 
5790 
5800 
5891 
5910 
5880 
5810 
7650 
8000 
7050 
5790 
S i g n i f i c a n c e * 
by T test 
"*) average of three replicates 
* significant at 5% level 
•* significant at 1% level 
NS = Non significant 
•* NS 
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10.3 Phfainolic compounds 
The concentration o£ different phenols in healthy 
and inoculated leaves of Costus p lants are shovn^  in T^ble-
16• The concentration of t o t a l phenols in leaves inocu-
l a t e d with p, nicot ianae var . n icot ianae ^2 increased 
upto 8 days and s t a r t ed decreasing slowly the rea f t e r . 
The data obtained, showed tha t the f ree , glycosidic and 
bound phenols exhibi ted s imi lar trend with increase in 
the concentration upto 8 days af te r inocula t ion. TWhere-
as the orthc:>-dihydroxy (O.D.) phenols were most sens i t ive 
to P. nicot ianae var. nicot ianae ^2 infec t ion . The 
maximum concentration of O.D. phen<)ls was obtained 4 days 
a f t e r inoculation and decreasing trend was observed there-
a f t e r . The ac id ic and basic phenols havt showed almost 
no change in concentration a f te r inoculation t i l l 16 days. 
10*4 Polyphenol oxidase and Peroxidase enzymes 
There was considerable increase in the ac t i v i t y 
of polyphenol oxidase and peroxidase enzymes in C. specio-
sus leaves inoculated with p . nicot ianae var. nicot ianae 
3^ 2. However, increase in peroxidase enzyme was more 
pronounced than polyphenol oxidase (Table-17). Both 
enzymes s ta r ted increasing 4 days a f t e r inoculat ion, 
but polyphenol oxidase showed decreasing trend in the 
l a s t two samplings. "Whereas, peroxidase enzymes were 
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Table * i7«• Changes in the polyphenol oxidase and 
peroxidase enzymes of Ci speciosus leaves 
infected with P» nicotTanae vac* nicotjanae 
X2 at different" stage o:^  disease developments 
1 1 
Days a f t e r I Polyphenol ox idase* I pe rox idase** 
i n o c u l a t i o n 1" " '" "''••'"•'"•^""••'^•"•' • " "'""' ' •"- j | 
I Healthy I Inocu la ted t Healthy )[ I nocu l a t ed 
0 
4 
6 
12 
16 
0.300 
0-304 
0.309 
0.302 
0.301 
0.300 
0*400 
0*475 
0.240 
0.235 
5 .5 
5*8 
6*4 
6 .0 
5 . 7 
5 .5 
10.0 
16.0 
14»0 
I I . 5 
* The enzyme a c t i v i t y was expressed as change 
in OD a t 495 nm min"^ gm"'J^  f r e sh weight of 
l e a f . 
• * The enzyme a c t i v i t y was expressed as change 
in CD a t 420 nm min"! gm*l f resh weight of 
l e a f . 
® ® 
g^^^^a^^p 
© ® 
****«'-ri;»-i£ti it i- . 
Figure 111 Scanning of p ro te in gels from 
healthy and infected leaves 
samples on den i s i to meter a t 
600 nm. 
(A) Healthy 
(B) 4 days after inoculation 
(C) 8 days after inoculation 
(D) 12 days after inoculation 
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two folf3 higher than peroxidases in healthy leaves at 
all stages of disease development, 
10.5 Soluble leaf Proteins 
The quantitative changes in soluble le^f protein 
contents in Costus plants inoculated with p. nicotianae 
var. nicotianae ^2 increased significantly with the 
progress o£ disease (Table-18). Three soluble leaf 
protein bands appeared on gels having 0*72^ 0.81 and 
0.93 R£ values from healthy leaf sample at all stages, 
almost similar bands appeared from the infected samples 
but one additional protein band appeared in the 4th day 
after inoculation sample having Rf value 0.89 in the 
disc gel electrophoresis studies (Fig. ll). 
10»6 Nucleic acids 
P. nicotianae var. nicotianae ?^2 inoculated leaves 
of Cost us plants showed increased ccncentration of RN^ 
after 4, 8 and 12 days of inoculation but decreased in 
the last sampling. While the concentration of DNK in 
healthy and inoculated leaves remained unchanged irres-
pective of disease development (Table-19). 
11. In_ vitro fungicidal test against pathogen 
The percent inhibition of growth of P. nicotianae 
var. nicotianae ^2 o"^  potato-dextrose agar medium 
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T a b l e . 18 J Changes in the prote in concentrations (Mg/g 
fresh weight) ^) of £• speciosus leaves i n -
fected with P» nicot ianae var- n icot ianae %^ 
a t dif ferenc^stages of disease BeveToprnent#'^ 
Days af te r 
inoculat ion 
P r o t e i n 
T 
J f^alth^ L Inoculated 
0 
4 
8 
12 
16 
1410 
1420 
1416 
1426 
1419 
1415 
1960 
2400 
2880 
2200 
Significance by 
T test 
* * 
*) average of three r e p l i c a t e s 
*• s igni f icant a t 1% level 
Table -19$ Changes in the nucle ic acid contents (,^/g 
fresh weight) *) of C. speciosus leaves in -
fected with P* nioo'^ianae var. n icot ianae \-j 
a t d i f ferent^stages ot ' disease development."' 
T 
I r 
JL 
Days a f t e r 
i n o c u l a t i o n 
RNX 
•~nr 
Healthy Kinoculated KHeal thy Iinoculated 
O 
4 
8 
12 
16 
653 
655 
659 
652 
650 
652 
710 
835 
950 
850 
280 
281 
280 
279 
279 
280 
280 
282 
281 
279 
Significance by 
T t e s t 
**! average of three r ep l i ca t e s 
.** s ign i f ican t a t l% level 
NS = Non s ign i f i can t 
« * NS 
T a b l e - 2 0 : p e r c e n t i n h i b i t i o n i n t h e growth of 
^* n i c o t i a n a e v a r . n i c o t j a n a e ^2 on 
potato*^clexErose a g a r medium s u p p l e -
mented wi th d i f f e r e n t c o n c e n t r a t i o n s 
of t h e f u n g i c i d e s . 
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F u n g i c i d e 
10 50 
% i n h i b i t i o n in g r o w t h * 
C o n c e n t r a t i o n in ppm 
100 250 500 750 lOOO 
B e n l a t e 
B l i t o x - 5 0 
B a v i s t i n 
Cap t a n 
Cuman-L 
D i t h a n e M-45 
D i t h a n e Z-78 
D i f o l a t a n 
Ridomi l 
Thiram 
V i t a v a x 
33 .33 5 1 . 1 1 6 1 . 4 7 6 4 . 4 7 
1 3 . 3 3 4 3 . 8 9 8 7 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 
8 .80 1 2 . 8 0 1 6 . 1 1 3 4 . 9 0 5 1 . 1 1 
5 .56 1 5 . 8 0 6 4 . 5 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 
3 . 3 3 1 6 . 6 7 4 6 . 1 1 5 4 . 4 4 6 2 . 2 2 8 7 . 9 4 1 0 0 . 0 0 
1 0 . 5 6 50 .00 6 3 . 3 3 75 .00 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 
2 0 . 0 0 50#56 7 0 . 0 0 9 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 
5 2 . 0 0 7 7 . 0 0 8 9 . 0 0 100 .00 1 0 0 . 0 0 lOO.OO 1 0 0 . 0 0 
100 .00 100 .00 lOO.OO 100 .00 100 .00 1 0 0 . 0 0 1 0 0 . 0 0 
1 7 . 8 0 38 .90 5 0 . 0 0 6 6 . 1 1 58 .56 1 0 0 . 0 0 100 .00 
5 .56 34 .44 4 8 . 3 9 6 2 . 2 2 6 8 . 1 7 8 2 . 7 8 90 .00 
f a v e r a g e of 5 r e p l i c a t e s 
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Table - 21 : Percent inhibi t ion of growth of 
P» nicot 
at "STTB 
Ridomil. 
i t ianae var . nicot ianae ^2 
' (different concentration of 
J • 
Concentration in ppm I % inh ib i t ion in growth* 
_ l , 
0.25 12.50 
0.5 51.78 
1.0 61.78 
1.5 72.00 
2.0 86.00 
2»5 97.68 
3.0 100.00 
• average of 5 replicates 
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supplemented with different fungicides in various 
conceTitration i s shown in Table-20« The most ef fec t ive 
fungicide was Ridomil where loOT'. i rh ib i t i on of growth 
of the fungus at 3 ppm concentration was noticed (Table-
21). Difolatan inhib i ted looy, func us growth a t 250 ppm 
was observed to be the next best fungicide follov;ed by 
Dithanti M-45, Dithane Z-78 while Cap tan inhib i ted the 
growth of tl-ie fungus completely a t 500 ppm. Blitox and 
Thiram were l e s s e f fec t ive fungicides, showed complete 
inh ib i t ion a t 750 ppm following Cuman-L inhib i ted 905^  
growth at 1000 ppm« Benlate and Bavistin were found to 
have poor fungicidal ac t iv i ty against the pathogen. These 
fungicides could i nh ib i t only 64.47 and 51.11 percent 
growth, respect ively a t 1000 ppm. 
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DISCUSSION 
The s u r v e y o f commercia l p l a n t a t i o n o f C o s t u s 
s p e c i e s a s (Koen«) Sm« r e v e a l e d t h a t l e a f b l o t c h d i s e a s e 
a p p e a r s when t h e h u m i d i t y i s r e l a t i v e l y v e r y h i g h . P h y t p p h -
t h o r a i s o l a t e o b t a i n e d from d i s e a s e d l e a f shov/ing t y p i c a l 
b l o t c h symptoms was i d e n t i f i e d a s p» n i c o t i a n a e v a r . 
n i c o t i a n a e X2* 
The r e s u l t s o f c u l t u r a l and m o r p h o l o g i c a l s t u d i e s 
o f t h e p a t h o g e n , P« n i c o t i a n a e were t y p i c a l o f v a r « n i c o t i a n a e 
^2 ^nd t h e d e s c r i p t i o n o f t h e pa thogen a g r e e s w i t h t h a t o f 
Waterhouse ( 1 9 6 3 , 1 9 7 0 ) ; Zentmyer et_ al_. (1979) Suzui ejt al_. 
(1979) and R a t t i n k ( 1 9 8 1 ) . V i t h e r i d i a o f t h e p a t h o g e n wer^ 
amphigynous , a s e s t a b l i s h e d by p r e v i o u s x-rarkers ( R i b e i r o , 
1 9 7 8 ; HD, 1 9 7 9 a ) . 
Scann ing e l e c t r o n mic roscopy i s f a s t becoming an 
e x t r e m e l y u s e f u l t o o l i n t h e s t udy of morohology o f f u n g i , 
e s p e c i a l l y funga l s p o r e s (Grand and Moore^ 1970 , 1.971; 
Ho and zen tmyer , 1977 and HD e t a l_ . , 1 9 7 7 ) - In my s t u d i e s 
t h e s c a n n i n g e l e c t r o n mic roscopy r e v e a l e d t h e c l e a r moirpho-
l o g i c a l f e a t u r e s of P . n i c o t i a n a e v a r . n i c o t i a n a e Ji^ n o t 
d e s c r i b e d e a r l i e r . The c y l i n d r i c a l s p o r a n g i a were smooth 
w a l l e d whereas o b p y r i f o r m s p o r a n g i a were rough w a l l e d w i t h 
l i g h t g r a n u l e s . The s p o r a n g i a l o p e n i n g was c i r c u l a r and 
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d i s t i n c t which was not v i s i b l e c lea r ly under the l i g h t micro-
scope. The papi l la a t the apex of the sporangium was beak 
l i k e . Studies with scanning electron microscope on 
P» nicot ianae var. nicot ianae A2 ^^'^ other species of the 
genus are lacking except for the recent work on zoospore and 
cyst of P_« palmivora Butl . (oesjardins et^ al_», 1973); oogonia 
of p . cambivora (Ho et^  ^ * » 1977)/ zoospores of P» pa ra s i t i ca 
(Reichle, 1969) and P. pa ra s i t i c a var . nicot ianae (Rich, 1978); 
sporangia and sex organs of P« cinnamomi (Ho and zentmyer, 
1977) and oogonia of P» heveae, p_. pa ra s i t i c a and P. palmivora 
(Ho, 1979b). Sporangia having deep s t r i a t i o n i s a new feature 
to the genus Phytophthora< 
Host-range s tudies of the pathogen showed tha t the 
organism could easi ly infect Nicotiana r u s t i c a , tomato and 
egg p l an t s , but showed moderate symptoms on N_. tabaccum var . 
white burly and samsun* These r e s u l t s resemble to those of 
Shephard and p r a t t (1973) who observed that the pathogen was 
highly pathogenic to N» rus t i ca and a t the same time non-
pathogenic to N. piumbginifolia and N. long i f lo ra . 
Studies on n u t r i t i o n a l requirements ind ica te that 
the Gostus s t ra in prefers natural media to synthet ic media, 
pea broth , lima bean broth and oat meal agar are bes t 
supporters for growth of the fungus. The preference of 
fungus for pea broth and lima bean broth can be a t t r i b u t e d 
to the growth promoting action of fatty acid, fa ts and 
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s t e r o l s present in pea and lima bean which i s in agreement 
with the growth promoting action of o i l s and fa ts on 
phytophthora spp« observed by several workers- (Sakai^ 1961; 
Hendrix and SVpple 1964; Hsndrix, 1965; Hendrix ^ al_», 1966; 
Htsndrix 1970; Sneh, 1972; Hohl, 1975). J^ mong different 
synthet ic media t e s t ed , Hbhl*s medium (P-1 broth) with 
inorganic nitrogen supported maximum biomass production which 
i s in agreement with the observations of Hohl (1975) on 
E* "J-co^J-3"^® snd several o ther species of Phytophthora* in 
general the growth pat tern on so l id and l i qu id media of a 
p a r t i c u l a r type was almost s imi la r . These r e s u l t s are , 
however, contrary to Henniger's (1959). several factors may 
account for t h i s apparent discrepancy J the growth parameters 
in l iqu id and so l id media are d i f ferent ; the gas exchange in 
both media i s d i f ferent and the agar i s l ike ly to contain 
t races of growth promoting substance. This fact was explained 
by Hohl (1975) tha t p . infestans grew well both on so l id and 
l i q u i d media but the growth r a t e on the two was not i d e n t i c a l . 
Leaf decoction medium (both sol id and l iquid) supported 
moderate growth but i t was observed in a l l cases tha t the 
pathogen was dependent on vitamins, especia l ly thiamine as 
reported by several workers (Erwin and Katznelson 1961bj 
Sehgal and Prasad 1971). 
The r e s u l t s on pH s tudies ind ica te tha t the pathogen, 
P» nicot ianae var . nicotjanae ^2 could grow on a wide pH range 
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from 5.2 to 7«4 pH^ but the optimum growth was recorded a t 
pH 6#4. This r e su l t i s contrary to that of Cameron (1962) 
who reported pH 4.5 as optimum for p . p a r a s i t i c a , but 
supports the view of Erwin and Katznelson (1961a) who 
observed good growth between pH 5.6 to 7»2 for p_« cryptogea« 
Richardson (1941) reported pH 5.0 to l,0 as optimum for 
E* P^g^sit lca while sehgal and Prasad (1971) found pH 6.5 
optimum for growth of P. pa ra s i t i c a var . sesami which also 
support the present finding. 
fcnong the different carbon sources t e s t ed , s tarch 
and carboxyl methyl ce l lu lose supported best growth of 
p . n icot ianae var . nicot ianae X2»^l^^°'-i9h glucose, fructose, 
and mannose among monosaccharides and sucrose and maltose 
among disaccharides supported good grov;th, while organic 
acids gave no support. The r e s u l t s of the u t i l i z a t i o n of 
carbohydrates and organic acids by the pathogen are in c lose 
agreement with the resu l t s of Wills (19 54) with P« pa ra s i t i c a 
va r . n ico t ianae . He found tha t dextr in , s ta rch , sucrose, 
maltose and cel lobiose were the bes t sources of carbon while 
organic acid and alcohols were not u t i l i z e d . The same 
pa t t e rn of carbohydrate requirement was observed by Volkonsky 
(19 34) with £. pa r a s i t i c a , P. palmivora and P* cactorum-^ 
Mehrotra (1951) with ten species of Phytophthora; Davies 
(1959) with P* fragariae and Chee and Newhook (1965) with 
P» cinnamomi* Shiffmann-Nadel and Cohen (1972) reported 
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t ha t dextrin and starch supported good growth of P. c l t roph-
thora while o ther carbohydrates were poor c .^rbr^ n sources. 
Ho and Poster (1972) reported u t i l i z a t i o n of starch by 
dif ferent species of phytophthora on so l id media, sehgal 
and Prasad (1971) found dextr in , starch and sucrose as good 
carbon sources for P. pa ras i t i ca var- sesami and Mclntyre 
and Taylor (1978) recommend maltose, glucose and inulin for 
races of P» p a r a s i t i c a var . n ia^ t i anae . 
The r e s u l t s show that p. nicot ianae var . nicotianae 
^2» Cost us i s o l a t e , could eas i ly u t i l i z e sodium n i t r a t e and 
L-asparagine, the former being the bes t , and supports the 
observations of Hohl (1975). Ammonium sulphate , and 
potassium n i t r a t e were the next best inorganic nitrogen 
sources which i s contrary to r e s u l t s of Wills (1954) who found 
t h a t h i s t i d i n e , orn i th ine and threonine were superior to a l l 
o ther nitrogen sources for P. pa r a s i t i c a var . n ico t ianae . 
Phytophthora spp. tend to vary in t h e i r a b i l i t y to u t i l i z e 
various nitrogen sources for growth, p . cryptogea requires 
asparagine (Erwin and Katzaelson, 1961a); p . p h a s e d i . 
a lanine (saxena and Bhargava, 1943), P. cinnamomi. glutamine 
and glutamic acid, v^ere as P. pa r a s i t i c a var. nicot ianae 
requ i res ammonium sulphate-buffered (Roncadori, 1965). On 
the other hand, p . pa ra s i t i ca var. sesami requires glutamic 
ac id , asparagine and alanine for i t s growth (sehgal and 
Prasad, 1971). No information i s avai lable on the speci f ic 
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nu t r i t i ona l requirements of P. nicot ianae var.. nicotjanae ^2 
and the present study gives some idea about the nu t r i t i ona l 
requirement of the Costus i s o l a t e . 
The cul ture f i l t r a t e of P. nicot ianae var . nicx^tianae 
X2 containing toxic metabol i te /s tes ted en C^  speciosus leaves 
produced nec t ro t i c symptoms. The presence of toxic metabol i te /s 
in culture f i l t r a t e of p . pa ra s i t i c a var. n icot ianae pathogenic 
to tobacco has been reported by Wolf (1933, 1953); Wolf and 
wolf (1954a, 1954b) and Powers (1954). Ball io e t al^. (-1972) 
observed that the toxin produced by P. n icot ianae var . 
p a r a s i t i c a caused necrot ic leaf spot . The mycelial ex t rac t 
of P. cryptoqea and p . pa ra s i t i ca var . n icot ianae causes 
leaf necros i s , growth inhib i t ion and death of tobacco p lan ts 
(Hendrix, 1976; Csinos and Hendrix 1977 and 1978). Authors 
have suggested tha t mycelial ex t rac t of p . cryptogea and 
p . pa r a s i t i c a var . nicot ianae was toxic to tobacco p lants but 
they were unable to identify the tox ic component. Austin 
and Clarke (1966) i so la ted ooumarines and Behnke and 
Lonnendonker (1977) a low molecular benzene type aromatic 
compound from the toxic cul ture f i l t r a t e of £ . in fes tans . 
The toxic metabol i te / s present in cu l tu re f i l t r a t e of Costus 
i s o l a t e may be present in adequate concentration in infected 
t i s sues and i t s ro le in pathogenicity might be s ign i f ican t 
(Rudolph, 1976). Several workers have demonstrated the 
presence of polysaccharide, polysaccharide-protein complex 
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and other high molecular vjeight hydrophilic phytotoxic 
compounds in the cul ture f i l t r a t e of different Phytophthora 
species (Seidel, 1961; Saveleva and Rubin, 1962; Mclntyre 
and Hankin, 1977; Plich and Rudnicki, 1979 and Breiman and 
Barash 1981). The present finding with P. n icot ianae var* 
nicot ianae A2 which induces necrot ic syruptcms i s in agreement 
•with other species of genus Phytophthora causing c e l l u l a r 
death, necrosis and wil t ing of p l a n t s . 
The pathogen P« nicot ianae var. n icot ianae 1^2 
produced maximum toxin a c t i v i t y in modified Richard's medium. 
Wolf (1953) and Wblf and Wolf (1954a) found the same medium 
supporting the toxin production of tobacco black-shank 
pathogen. The age of cu l tu re may be very important for the 
production of phytotoxic compounds (Ructolph, 1976). In the 
present study maximum toxin a c t i v i t y has been observed in 
15 day old f i l t r a t e a t pH 6.0. The addition of d i f ferent 
carbon and nitrogen compounds in medium has been reported 
to affect the production of phytotoxic compounds by fungi 
(Sanwal 1956 and Kern e^ ^ * t 1972). Results show t h a t 
Cost us i s o l a t e produces maximum toxic ac t iv i ty in medium 
containing suCffose. Similar r e s u l t s were obtained with the 
maximum production of fusicoccin (Granit i and Deleo, 1964) 
and tentoxin. (Pulton and Scllenbacher, 1968). I t i s evident 
from the r e s u l t s that toxin ac t i v i t y may not be d i rec t ly 
cor re la ted to the biomass production because the growth of 
97 
the pathogen vas higher on s tarch containing medium but no 
toxic ac t iv i ty was associated. Similarly nitrogen sources 
a lso affect the toxin production in synth.etic medium. The 
maximum toxic ac t iv i ty was observed with L-asparagine as 
nitrog^^n source and modtsrate with inorganic ni t rogen, 
potassium n i t r a t e . The present findings agree with those 
of Pilch and Rucjnicki (1979) who reported that max-lmum toxic 
a c t i v i t y in P_. cactorum was induced in medium containing 
L-asparagine or Ir-hist ldine ss nitrogen source. 
The rcjsults of wnzyme assay Indicat'e that 
p . nicot ianae var . nlcot ianae \^ was able to produce 
s igni f icant a c t i v i t y of Endo-PG enzyme^ moderate endo-PMG, 
and weak PMB and C^ enzymes. The production of these enzymes 
was adaptive, since no enzyme was observed in sucrose contain-
ing medium. The r e su l t i s contrary to \klnrefon (19 69a) v*io 
reported maltose as best source of carbon for enzyme production 
by P. palmivora« I t i s evident from the r e s u l t s tha t 
P. nicot ianae var» nlcotianae X^ * Cost us i s o l a t e , produces 
PG and PMG enzymes and no pectin lyase enzymes in v i t r o . 
This i s in agreement with the r e s u l t s obtained with 
P. palmivora (Akinrofon, 1968), P. infes tans (Cole, 1970), 
p . pa ras i t i ca var* nicot ianae (hfchrotra, 1949; Husain and 
Kelman, 1956 and Mclntyre end Hankin, 1978) and P. pa ras i t i ca 
(Yuan and Ts- i^ng, 1980). HDwever, pect in lyase enzyme has been 
reported to be produced by some species of Phytophthora 
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(Ravise and Tarique 1972; Prasad et_ al^. , 3975/ Tseng and 
Tseng, 1980 and Ramaraj and Vidhyasekaran, 19P2). i t i s 
in te res t ing to note that Clark (19b6) could detect only PME 
in one of the s t r a i n s of P. Infes tans , and Knee and Friend 
(197B) galactanase only, i t i s presumed th?t these enzymes 
are produced in appre^ciable amount by P* nicct ianae var. 
n icot ianae ^2 ^^ ^^'^^ presence of approprinte substra te in_ s i t u . 
Enzymes degrade the l^4-glycoSidic l inkages of pectin material 
of c e l l wall (Bateman and Miller, 1966) and thus, f a c i l i t a t e 
the i n t e r or i n t r a c e l l u l a r invasion of host t i s sues by the 
pathogen during disease development (Husain and Kelman, 1959; 
Bateman, 1976 and Bateman and Basham, 1976). The production 
of weak ce l l u l a se in cul ture medium by Costus i s o l a t e , 
£• n icot lanae var . nicot lanae X2, agrees with the r e su l t s 
obtained on P. pa ras i t i ca var . n icot lanae (Mclntyre and 
Hankin, 1978; Husain and Kelman, 1959) and ct>ntrary to 
Mehrotra (1949) t , with one s t r a in )f P. pa ras i t i ca var. 
nicotlanae* i t i s thus evlaent tha t the pathc^gen i s unable 
to degrade the complex ce l lu lose , which i s in agreement with 
tha t of Husain anu Kelman (1959) who reported that with the 
exception of Pythium i r regulare and cer ta in species of 
Phytophthora. the members u£ family Pythiace-=ie do not 
act ively degrade cel lulose _in vitr-^* I t i s qui te possible 
tha t the pathogen produces Cy enzyme In vivo to degrade 
c e l l u l o s l c material of ce l l wall as observed in guava infected 
by P. n i a i t l anae var . paras i t i ca which produced more 
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ce l lu l a se enzyme _in vivo than in v i t r o (Prasad e_t al_», 1979). 
The enzyrnes produced by the pathogen also help in the d i s so lu -
t ion of complej< host substances in to simpler forms which are 
u t i l i z e d for nu t r i t i on by the pathogen, i t i s accepted 
generally that symptom expression on host i s a complex pheno-
menon, involving the toxins and enzymes produced by fungi, 
with few exception l i k e the dutch-elm disease v^here the 
s ign i f i can t amount of enzymes produced by pathogen play no 
ro le in pathogenesis except enabling the fungus to obtain food 
from host c e l l walls (Husain and Dimond, 1958). 
p . niCQtlanae var . n icot ianae \2, Costus isola te^ 
a lso produced ex t ra - and i n t r a - c e l l u l a r amylase enzymes. The 
pathogen was also able to produce amylase enzyme on so l id 
s tarch containing medium and which i s contrary to the findings 
of Ho and Foster (1972). Similar production of the amylase 
enzyme was noticed in p . pa r a s i t i c a var. nicot ianae (Mehrotra, 
1949; Mclhtyre and Hankin, 1978). The enzyme a c t i v i t y was very 
low in the cul ture f i l t r a t e as comp?^red to the mycelium. Both 
tf^- and jB-amylase enzymes were produced by t h i s i s o l a t e . These 
two enzymes are involved in the breakdown of s tarch into 
simpler form which could be u t i l i z e d by the organism (Husain 
and Kelman, 1959). 
I t i s evident from the r e s u l t s tha t p . n icot ianae var» 
n icot ianae ^2 produced more i n t r a c e l l u l a r inver tase enzyme than 
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e x t r a c e l l u l a r . Similar production o£ the inver tase enzyme vias 
observed in £• megasperma var . sojae (Ziegler and Mbersheim, 
1977; Markwade et a l . , 1980) and P. pa ra s i t i ca var . nicot ianae 
(Hankin and r^dntyre, 1980). The invertase enzyme involves 
the degradation of compound sugars into simpler forms which 
are assimilated by the fungus. 
WnQn a f o l i a r pa ras i t e es tab l i shes infect ion inside 
the host c e l l , the most typical i n i t i a l symptom exhibi ted i s 
yellowing of leaves (Farkas, 1978). Similar symptoms were 
observed on Costus leaves infected with P. n icot ianae var . 
n icot ianae X2 r e su l t i ng in continuous decrease of t o t a l 
chlorophylls and i t s components. The decrease of the chloro-
phyll content due to Phytophthora infection has not been 
observed e a r l i e r . However, several vjcorkers reported decreased 
chlorophyll content a f t e r infect ion by di f ferent fungi 
(Mac Hardy e_t a l . , 1974; Vijaya Kumar and Rao, 1980; Tayal 
e_t a J . , 1981 and Singh e t a l . , 1982). 
Analysis of carbohydrates in both healthy and 
P» nicot ianae var . nicot ianae X2 infected Costus leaves 
revealed a s ign i f ican t decrease in the non-reducing sugar 
content, while, t o t a l and reducing sugar contents increased. 
This i s in close agreement with Subramanian (1963) who found 
s imi la r observations in Fusarium infected pcglon oea. Since 
the pathogen produces a variety of enzymes, i t i s presumed 
tha t the Increase in reducing sugar content i s a r e s u l t of 
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enzymatic degradation of complex sugars of host ct:ll wall 
into simple sugars and supports the findings of Subramanian 
(1963) and Hollighan (1974). The Decrease in reducing Sugar 
content af ter 8 days of inoculation may be a t t r i bu t ed to d i rec t 
p a r a s i t i c u t i l i z a t i o n of sugars and ind i rec t ly to the a l t e r ed 
metabolism of the host (Reddy and Rao, 1978). Gladilovic and 
Drel (1965) noted that tomato f ru i t s infected with p . infestans 
had a reduced sugar content , whereas in tomato f r u i t s Infected 
with £. palmivora. there was no decrease in the sugar content 
(JUcinr&fon, 1969b). s imilar reduction in sugar content was 
noted in lemons infected with P. ci trophthora (Cohen and 
Schiffman-Nadel, 1972). 
Increase in t o t a l phenols and or tho-dihydric phenols 
was observed in C. speciosus leaves inoculated with 
P. nicotianae var. n icot ianae \2 a f te r 8 days anJ; 4 days 
a f t e r inoculat ion, respec t ive ly . Similar." cSnnnges in phenolics 
were noted in potato infected with p_. infestans (Fehrmann and 
DirTKjnd, 1967; Henderson and Friend, 1979) ^'nJ tobacco infected 
with P* pa ra s i t i ca var. nicot ianae (Dosai and P i l l a i , 1974). 
The various phenolic compounds were found Inhibi tory to 
d i f ferent Phytophthere species (Chr i s t ie , 1965/ Ravise and 
Kirkiacharian, 1978, 1980) and may play an important ro l e In 
defence reaction* The changes in phenolic compounds observed 
in the present study are in agreement with the observations by 
several workers in many other plant-fungus in t e rac t ions 
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(Kosuge, 1969; Reday end Rao, 1978; Chattopaclhy^y and 
Samaddar, 1980; Ismail £ t ad. , 1980 and Chattopai3hyay and 
Bera, 1980)• The ortho-dihydric phenols h^ve been implicated 
as res i s tance factors (Oku, 1965 and Kuc, 1966) and oxidation 
of OD phenols and the resul t ing substances are toxic to 
pathogens or capable to inac t iva te enzymes including hydrolyt ic 
enzymes produced by plant pathogenic fungi (Pa t i l and Dimond, 
1967)* In the prest:nt findings, the increased accumulation 
of phenols up to a cer tain stage of infection may be due to 
t he i r re lease from glycosides or glycosidic e s t e r s by 
enzymatic ac t iv i ty of pathogen or host (Noveroske e t a l » , 1964); 
enhanced synthesis by the host through shikmic acid pathway 
(Neish, 1964) or due to the migration of phenols from 
ttninfected par t s of the plant (Rubin and J^rtsikhovskaya, 1964). 
The decrease in phenols in advanced stages c-'f diseased Costus 
leaves may be a t t r ibu ted to the degradation of seme phenolic 
compounds due to infection or to tht;ir u t i l i z a t i o n by the 
pathogen* 
The oxidat ive enzymes such as polyphenol oxidase 
(PPO) and peroxidase (po) are known to bring ab'-mt the 
oxidation of phenols and re la ted compounds Increasing t h e i r 
t ox ic i ty (Tomiyama and Stahman, 1964; Kosuge, 1969 and F r l c , 
1976). They are also known to be important in symptom 
expression (Brown, 1966). % noticeable change in oxidat ive 
enzyme has been observed in C. speciosus leaves infected with 
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p . niootianae var . nicot lanae ^2 ^^ d i f ferent stages of 
disease development. Similar to the present findings, changes 
in oxidat ive enzymes have been noted in potato --^ nd tomato 
p lan ts infected with p . infestans (Fehrmann and Dimond, 1967 
and Friend and Thornton, 1974). Brune and la lyveld (1982) 
a t t r i bu t ed tha r e l a t ed changesfin PPO and PO ac t i v i t y to the 
suscep t ib i l i t y o£ avocado with p . megasoerma var* sojae. 
whereas the iticrease in PPO ac t iv i ty was more pronounced in 
soybean hypocotyls inoculated with incompatible race than 
compatible race of fungus, p . mt:jgasperma var. sojae 
(Lazarovits and Ward, 1982). in the present work, changes 
in the enzyme a c t i v i t y may be a t t r i bu t ed to in ju r i e s of host 
t i s s u e caused by fungus hyphae leading to oxidation of phenolic 
substances, however, the amount of oxidation product i s 
insuf f ic ien t to stop the advancement of mycelium in t i s sues 
(Fehrmann and Dimond, 1967). The present finding i s closely 
r e l a t ed to the changes in oxidat ive enzymes in different 
plant-fungus in terac t ion as danonstrated by several workers 
(Farkas and Kiraly, 1962; Sridh^r and Ou, 1972; Reddy and Rao, 
1978 and Chattopadhyay and Bera, 1980). 
Increase in soluble pro te ins was not iced in 
£• sp^ciosus leaves t i l l 12 days a f t e r inocul?=!tion with 
P. nicot lanae var. nicct ianae X2. l a t e r the protein concentra-
tion decreased sharply. The changes in prote in occur when the 
pathogen penetra tes the host c e l l s r e su l t ing in disturbances 
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in the protein and re la ted metat^Dlisin ( u r i t an i , 1976) . 
Similar to present findings, several vrarkers have demonstrated 
the changes in prote ins in diseasecl t i s sues associated with 
phytophthora spp. Clbmiyama, 1960; Yamamoto and Kono, 1976) » 
The qun l i t a t ive changes in prote ins of healthy and diseased 
leaves of C« speciosus infected with P_* nicot ianae var. 
nicot janae S2 w«re s imi la r , except for one addit ional prote in 
band tha t appeared in 4 day infected leaf but disappeared as 
disease advanced. Similar qua l i t a t i ve changes in protein wejre 
observed in soybean v a r i e t i e s r e s i s t a n t ana suscept ible to 
p . megasperma -war* sp^ae (Hilty and Schmitthener, 1966). 
Whereas, Yamamoto and Kbno (1976) observed a new protein b?^nd 
in the leaves of potato suscept ible to jP. infestans when the 
DNA fraction of r e s i s t an t hybrid was apoliod to the leaves . 
The appearance of a new protein was also reported ^ f te r 
infect ion of bean leaves by Colletotrichum ilndemuthianum 
(Yusuf, 1981) tobacco leaves by Thei laviopsis basicola 
MIII.MIWII II i.W^ffHWtli^—.-i..» • • I •Mllli » — — — I ,11 i—ilWI«iiii 
(Gianina:?zi e t a_l., 1980) and upon infect ion of CollQto^righum 
l«agenarium in cucumber (Andebrhan ot^  a l» . 1980) • 
luaalysis of nucleic acios in lO'-^vos of c . speciosiap 
infected with P» nicot ianae var. n icot ianae X2 revealed only 
quan t i t a t ive changes in RNA content while DN^  was unaffected 
during differ«iht stages of disease development. i t i s 
presumed tha t changes in nucle ic acid content of diseased 
Costus leaves may be due to abnormal metabolism a f te r infect ion 
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or the r e su l t of RNX-degrading enzymes of the pa ra s i t e on 
cytoplasmic RNX of host i s in agreement with page and i*oocl 
(1964) who observed the re lease of RNA by P» infestans in 
syn the t i c medium. Furthermore, the degradation of exogenously 
supplied RNJk (Page, 1965) and purine breakdown by p . infestans 
have been e a r l i e r observed (Page and Cl?rk, 1964). I t i s 
bel ieved that the enzyme system functioning to breakdown of 
the exogenous source of RNX might also function in the 
congenial environment of pa ra s i t i zed host ce l l (page, 1965). 
Similarly conspicuous a l t e r a t i o n s in nucleic acid metabolism 
are found in many other hos t -pa ra s i t e systems (Heitefuss, 1966; 
Clark, 1974; Heitefuss and Wolf, 1976 and Chakravorty, 1977). 
The screening of different fungicides against 
p . n icot ianae var . nicot ianae X^  i^. v i t ro revealed tha t 
Ridomil was the most potent fungicide. i t i s in agreement 
with Kannwischer and Mitchell (1978) who reported tha t 1 ppm 
Ridomil was l e tha l to P. pa ra s i t i c a var- n icot ianae . ih the 
present findings, the ED50 for mycelial growth of 
p . n icot ianae var . nicot ianae Xo on potat ' j -dextrose agar was 
0*5 iUg/ml which i s very closely re la ted to the ED50, 0»2 jUg/ml 
for mycelial growth of P. pa ra s i t i c a var. nioptjanae (staub 
and Young, 1980). The fungicide, Ridomil, was found highly 
ef fec t ive on different Phytophthora sop. both in v i t ro and 
• • » » !• I I I 
in vivo (Ferrin and ^K2llinger, 1977; Waard and Van Rooigen, 
1978; Cohen et_ ad . , 1979; Staub et. a3^., 1980 and Bruck e t a l . , 
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1980). Difolatan, Dithane M-45, Dithane Z-78 and Captan were 
nfcxt inhibi tory fungicides to the pathogen. Siroilarly Timmer 
(1977) founu 0.6 mg/ml Captan was n 'eCed for 100% inhib i t ion of 
p . n icot ianae var. p a r a s i t i c a , foot-rot p-'thogen of c i t r u s . 
Difolatan, Dithanti M-45 and Captan v;ere most effect ive agains t 
^* P'^^^-sitic^. '^^^ £• capsic i (Sonoda e^ - i l . , '19*70)» The 
present findings are also supported by Br vrn nnd Hendrix (1980) 
who reported that Captan a t loo ppm, s ign i f ican t ly reduced the 
growth of P. cactori.)m in v i t r o whereas d i f ferent copper 
compounds ( F i l l a n i , 1976) and Dithane M-45, and Captan 
(Deshmukh et. al_« , 1978) were e f fec t ive against P. palmivora^ 
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SUMMARY 
The present invest igat ion deals with the s tudies on 
l ea f blotch disease of Costus speciosus (Keen*) 3n. caused 
by Phytophthora nicotianae var . nicotianae A2« These includes 
morphological, nu t r i t i ona l and physiological s tudies of the 
pathogen; bioch©:nical changes in host-pathogen in te rac t ions 
and ixi v i t ro screening of d i f fe ren t fungicides against 
pathogen. 
The i n i t i a l symptoms of leaf blotch disease appeared 
as v;ater soaked spots on the leaf surface. These spots 
enlarged and coalesced with the advancement of disease 
forming typical blotch symptoms. 
P. nicot ianae var. nicot ianae A2 was i so l a t ed oonsis-
tan t ly from the infected t i s sues and i t s pathogenicity was 
es tab l i shed . Normally, the older leaves of the p l an t s were 
most suscept ible to in fec t ion . The pathogen was found to 
have a wide host range besides £• speciosus. 
Ihe ae r i a l mycelium of the fungus was fluffy, white, 
non-septate and with no s t r i a t i o n or zones on potato-dextrose 
agar medium. 
The fungus produces in tercalary and terminal cbalamy-
dospores, cylendrical to obpyriforna sporangia with p a p i l l a . 
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Oaducous sporangia were having i r regula r length of ped ice l s . 
Sporangial walls were smooth or l i g h t granular . However^ 
s t r i a t i o n on surface of few sporangia were seen in electron 
microscopic studies and i t i s supposed to be a new feature 
of th i s pathogen* Chlamydospores having rough surface were 
observed under high magnification. 
Among the various natural and synthet ic media employed 
for the growth of the pathogen, a l l natural media supported 
bes t growth. P-1 broth being the bes t medium amcng the a l l 
synthet ic media t e s t ed . 
The pathogen could grow on a wide range of pH, but 
the growth was be t t e r on weakly ac id ic than a lka l ine medium. 
The optimum growth was obtained a t 6.4 pH, a f t e r 12 days of 
incubation period. 
A group of carbohydrates and organic acids were t e s t ed 
singly as carbon sources for the growth of fungus, p . n i c o t j -
anae var . nicot ianae ^2* Starch and CM-collulose proved to be 
the best carbon sources. No organic acid t es ted was u t i l i z e d 
by the fungus. 
A number of inorganic nitrogen and few organic 
substances were t e s t ed as nitrogen sources for the growth of 
the fungus. Sodium n i t r a t e was found to be bes t inorganic 
nitrogen source and asparagine as organic source. As a 
r e s u l t of t h i s study a syn the t ic medium containing soluble 
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starch and sodium n i t r a t e as the carbon and nitrogen sources, 
respec t ive ly , was devised for the s tudies with P. nicotianae 
var« nicot ianae ^2* 
The cul ture f i l t r a t e of the pathogen was found to be 
toxic producing necro t ic spots on C speciosus leaves and 
wil t ing of Datura innoxia seedl ings . 
The production of toxic metabol i te /s by the pathogen 
was found to be high in the modified Richard's and Clark 's 
synthet ic media* 
Richard's modified medium was used for studying the 
ef fect of n u t r i t i o n and factors on the production of toxic 
metabol i te /s by the pathogen. 
pH 5*6 to 6.4 was found to be the optimum range for 
the production of toxic metabol i te /s and maximum a c t i v i t y 
was recorded in 15 days old cul ture f i l t r a t e . The pathogen 
fa i led to produce any toxin a c t i v i t y a t a lka l ine pH« 
The n u t r i t i o n a l requirements of the fungus in re la t ion 
to toxin production were inves t iga ted . These were found to 
be different from those necessary for mycelial growth. Sucrose 
and glucose were found to be the bes t carbon sources and 
asparagine as the best nitrogen source for toxin production 
in culture f i l t r a t e . 
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The production of e x t r a c e l l u l a r pec to ly t i c and 
c e l l u l o l y t i c enzymes by £« nicotjanae var . nlcot lanae A2 
-wae Invest igated. The major enzymes detected^were s endo 
and exo type of polygalacturonase (PG) and endc-polymethyl 
galccturonase (PM3). Hov/ever, the organism was a l so able to 
secre te polymethyl es terase (PME) and cf^^llulsse ensymes, but 
the enzyme a c t i v i t y was very poor. The production o£ enzymes 
was adaptive in nature , since none of the above enzymes were 
detected in cul ture medium containing sucrose as so le carbon 
source. The production of these enzymes could be broadly 
r e l a t ed to the incubation period and subst ra te of the media. 
The production of i n t r a c e l l u l a r and ex t r ace l l u l a r 
amylase and invertase enzymes was observed. Ihe a c t i v i t y 
of both enzymes was higher in mycelium as compared to 
cu l ture f i l t r a t e and varied with incubation period. 
The invest igat ions on in terac t ion between P. n ico-
t ianae var . nicotianae A2 and C* speciosus revealed several 
metabolic changes a t different stages of disease development 
in leaves . Chlorophyll a and Chlorophyll b contents 
decreased s ign i f ican t ly with the progress of infec t ion . 
Analysis of carbohydrate f ract ions from healthy and 
infec ted leaves revealed tha t the amount of t o t a l sugars and 
reducing sugars increased, while non reducing sugars decreased 
-with the progress of d isease . 
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Quanti tat ive changes in different phenolic contents 
in infected leaves were not iced. The concentration of t o t a l 
phenols, free phenols, glycosidic and bound phenols increased 
up to 8 days while ortho-dihydroxy phenols reached maximum 
4 days a f t e r inoculat ion. However, the concentration of 
phenolics in infected leaves was higher a t a l l s tages of 
disease development >iien compaxred to healthy leaves . Acidic 
aaod. bas ic phenols showed no change due to infec t ion . 
Polyphenol oxidase (PP0> and peroxidase (PO) 
enzymes were noticed to be differ ing in t h e i r a c t i v i t i e s 
in infected leaves . The po a c t i v i t y was more pronounced 
than PPO in healthy and infected leaves . The a c t i v i t y of 
PPO enzymes were found increasing slowly with the infection 
up to 8 days and decireased thereaf te r , whereas a two fold 
increase in PO ac t iv i ty was not iced in the infected leaves 
in comparison with healthy leaves . 
The changes in concentration of soluble prote ins in 
healthy and infected leaves of C. speciosus have been inves t i -
gated. The concentration of soluble leaf pro te ins was 
increased with the advancement of infec t ion . The qua l i t a t i ve 
analys is revealed the appearance of one new protein band 
having Rf value o»89 on e lec t rophore t ic gels from 4 days 
a f t e r inoculation sample. 
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The quant i ta t ive ana lys is of nucleic acids in healthy 
and inft^cted leaves revealt=d that concentration of RNA in-
creased with progress of infection while DNA contents showed 
no change due to infec t ion . 
A number of systemic and non-systemic fungicides were 
tes ted in v i t ro for the growth inhibi t ion of £. nicotianae 
var. nicotianae A2« Ridomil (metalaxyl) was found to have 
the most fungicidal effect on the growth of fungus. Difolatan, 
Dithane 2-78 and Dithane M-45 gave good inhib i tory ef fec ts 
whereas Bavistin and Benlate showed poor inhibi t ion* 
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